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Gsi-ifc^s States Covernment Deflartment of Enerc

memorandum
C?.T a: JUL 0 1 Lm1

R-?Ly TO
a , N oF: RW-30

susjacT: Repository Disposal Fee Estimates for the Hanford Tank Wute Remediztion Sysern
(TWRS) Enmironmental Imnact Statement (EIS)

TO:
Jackson Kinzer, Asststant bdanZger

Office ofTank Waste Rwaediation System

The O^'ice of Civtqian Radioactive Waste Management is pleased to transmit the information to
address your request for disposal fee estimates to support the development ofthe Hanford
TWftS EIS. This responds to your June 7, 1996, request for more rigorous cost estimates
based on application of our Total System Life Cycle Cost (TSLCC) methodology. We have
completed an analysis for the following four alternative scenarios and compared them against
the 1995 TSLCC baseline:

Use of 23,000 "standara canisters for the most probable quantity (14,260 m;) of
immobilized KT.W for the reference "enhanced sludge wash" process.

2. Use of 12,200 "long" 0.61m D x 4.5m L canisters for tbe:most probable quantity of
Fianford HLW.

Use of 530 "long7' ca.-iisters for 620 m' ofHI.W resulting from the "e.Yensive
separations" pretreat,T.ent process.

4. Use of 36,400 "very large 1.68m D x 5.03m L canisters for 364,000 m3 ofHI.W
nrodttced -wltllout any Drt2reaL"ntSit. •

Results of the analysis, including key assumDtions, signifccant cos. drivers, and limitations on the
cos. calculations, are provided in the attachment entitled "Cos. Estimate Report on Disposal

Costs for Tank Waste Remediation System AIternatives". It must be pointe^i out that the results
presented are consir.tzt with the esscunntions doaimented in the 1995 TSLCC. In this re3ard

scenar;o = is so signifct~ntly outside t,ie range ofthese assumptions that there may be other
implications, beyond the large cos, increase projected for disposal, waich could affect our ability
to license a repository or implw"cit emplacernent within the currently envisioned disposal
svse.-n.

;; --^^^.^5
^

; •--•-
D:.)= R^.; `vt

196-T1.R-"-.97
^ _ ^,



^ ,.

We apgrecia*e the opeor.sity to sssis you in the completion of the ;-iarford 15VRS Final ;IS.

Please feel ::ee to contact James Carlson of my sta: at (202) 5805-5321, i: you have any

auestions regarding the report.

^^
Ronald A. MIuer, Direr.or
Office ofProgram Manage:nent
and Integration
OSce of Civilian Radioactive
Waste Managrnent

Attachment

cc:
L. Barrett, RW-2
V. Trebules, RW-35
J. Carlson, RW-37
S. Rousso, RW;0
W. Barnes, YMSCo

R. Crautc, YMSCO

S. Brocoum, YMSCO
W. Dixon, YMSCO
J. Adurs, YMSCO
W. xo* Y,vtsco
S. Cowan, Eu-30
M. Hunemuller, Eivt-38
P. Lataont, RL
S. Schaus, WHC

cc (w/o attachment):
C. Conner, RW-35
S. Gomoer2 RW-37
C. Quan, RW-37
R-Dyer, YMSCO
D. Royer, YMSCO
D. Harrison, YMSCO
B. I3utc:tinson, YMSCO
D. FuLst, T'RW
C. Heath, TRW
D. Gibson, TRW
L. Meyer,l":tW
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I. SL^L1L^t2Y

This 2ndlvsls'%•a4 De.ioiTi.e.d. at the request Oi itle DepZu:.e:ai of E.. :k}^' ZiC'^a^d O9er?tIons

Oi:lce to suDnor< 2n.'.lvs;s ot Zltern2tives for the T^,S as Dd.: of t"-- deveiot)me.^.t of u1e TW-IRS

Environmental L-npac Stztement (re_e.-ence 1, see apne::diz A). F..stim.ates ofdisposal costs were

developed for four ^lternatives for the'r±anford Tan.^C Waste Re.^, edia;on Sys.em (TWRS).

Esamates of the total defense share of disposal costs were aene:ated usinz a consistent

methodology, as used by the Civilian Radioactive Wast- Mana.Ee^en: Pro_z-am ir development of

the.Ana.lysis of the Total Sys:ertt Life Cycle Cost of the Civvian Padioae.ive W e Nlanage.^,tent

Program of September 1995 (95 TSLCC) (reference 2). Technical feas:oiii.y and the

environmental effects of disposai are not within the scope of this study and are n addressed.

Costs are presented in cons•ant 1994 dollars to maintain consistency with L4e 95^SLCC.

The 95 TSLCC base case and TWRS ziternatives analyzed in this study are s.: ' ed in Table

1-1. The TSLCC sssumed 9,360 stzndard canisters from Hanford would be disp sed of in the

repository. Scenario 1 would require disposal of2.r,,000 standard carusters Lom rord.

Scenario 2 is based on the same volume of glass as Scenario 1, disposed of as 12,200 "long

canisters" (4.5 meters in leneth versus 3.0 meters for the stzndard cznisters). Sc nzrio 3 assumes
e.r.e:uive separations resulting in less S!2ss volume, to be disposed of as only 53 long canisters.
Scenzrio 4 assumes 36,400 very lar'ge 10 cubic meter cznisters are used to dispo e of the very

l2rze volumes oi «tr;aed was.e which could result from 2"no pretre3tTe::*." TWP-S alternaSive.

Sur,unzry results are presented in Table 1-1. Each of four Huiford TyvZS alterakive scenarios
are comnared asai.-ut the bzse.-ne zssumed for the 95 TSLCC. Total Disnosal Cost for the 95
TSLCC bsse case is 333.1 billion in constant 1994 dollars (945s). The ,:.rst three alternatives
would result in a smzl variation in Total Disposal System Costs. Scenario 3 would save 50.5
billion (94Ss) or 1.4 percent. Scenario 2 would increase Total Disposal System Costs by 51.4

billion (943s) or 4.2 percent, and Scenario 1 would increase costs by 32.0 billion (94Ss) or 6.0
per ẑt. Scenario 4+,.•ould double the Total System Disposal Cos, to over S66 billion (94Ss) or
100 percent.

Scenario I has been identined by the TW^tS prog'am as the most likely current er•imate of

borosilicate gzss c`.nisters to be produced. Scenario 1 poses the disadvantage, from a disposal
s.=zdpoint, of utilir.r.g most a•relable spue betwe-..n Spent Nuclear Fuel (SNi) waste packages.

This could limit grov..h capaciry to accept other wastes being considered for disposal, such as
DOE S^^1F.

Scenario 4 is not a -=?rred alte.:ative :,om a disposal standpoint. Scenario 4 would not only
double the Total System Disposal Cost to over 566 billion (94Ss), it would require approximately
35 additional years oi geolostic emplace:,ient and extension ofthe planned disposal progr<nt



Table I-1 Repository Disposal Cost Evaluation Matrix

CGUiistcrSizc Prcl^c;itmcnt Volume of Nunibcr of Totat Nn. of Total Allocated
(01) x L) Process Gloss, 110 Hanford DTIT.W Disposal T)cfensc

Canist er Cnnislcrs Cost (9 d $s) Share ( 9 d 4s)

Base Case 0.61m x 3.Om Gnlmnced 6,100 9,860 18,046 $33.111 $6A311

(RW-0479) Sludge Wash

Scenario l/l 0.61m x 3.0m Enhanced 14,260 23,000 31•,186 $35.1U $10.313

(most Sludge Wash

probable
volmnc)

Scenario 1I2 0.61m x UnhnnceJ 14,260 12,200 20,386 $34.511 $8.613

(long 4.50m Sludge Wstsh.
canister)

Scennrio 113
(ii^ini^»»n,

0.61m x
4.50m

Extensive
Separations

620 530 8,716 $32.613
y,q`•`^ a: ;. k#..

{., 1;
n v, ^

^^
volwuc) ^>t:.... ^>^,^

Scenario /14
(very large

1.68m x
5.03m

No •
Pretreatment

364,000 36,400 44,586 $66.2T37
^.

csinistcr) r

Shere methodology understates defense share ofunassignecl costs due to extremely low piece counts. Actual share will be higher.

Scenario significonlly in excess of repository planning basis. Requires assumptions which increase uncertainty of estimnte. Scenario
outside methodology validity for piece counts and disproportional waste package size.

I
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coiapleilOn from an assumed decoGlinss:oTllng in 2071 to 2102, i uriher, !i would re^:.L'ire

ciSuncteri=,ion oi additior,al area, suitability deternzination of t'r.e area, and assoc`:ated hce:S;ng

of a HaniorQ only section oi tRe repository. A substantial portion Oi'u^.e Hanu0rd wastes would

reoulre emnlaceme.lt in the additional areas in a low thermal sett:ng iollowk'^g e.'nplace.iielt or

some Hanford and all other HI.W with all the available SiPF in a hig:z the.,^,.al setting in the

primary area of the repository. T'nis is in contrast to the 95 TSLCC assu,;,ption or emptacement

of all HLW with SNF in the primary area in a hig:n thermal loading setti;.g. Excess auannttes oi

Hanford bZW may exceed available areas in the repository. Dispostion of remaining l-2-W

would not be decided until DOE ma.4es a recommendation on the need for a second repository.

The last column in•Table 1-1 shows an estimate of the total def-_nse share oi each alterna:tve.

Estimates ranRe from a reduction of 32.5 billion for Scenario 3 to an incue of 543 billion for

Scenario 4. Estitnates of defense share in Table 1-1 do not represent nr,n estimates of the full

cos, recovery for disposal of defense high level waste. The cost sharing allocation methodology

was developed for a point estimate and design. Extreme case variations such as Scenario 3 and 4
fall outside the validity of the computational method. Differences between the cases appear to be

exaggerated by the defense share allocation methodology bias.



Z_ SCOPE

OpeIZtionsT hts analVsis was ed at the reGuesi of the DeJaî T..e't or =.. .`^'L

O::uce to sL'aDort analysis of alte:TiaIIves for the TVVR$ as 'vari oi u:e Ceve:ovme.^.t of the TWRS

Environmental L-nnact Statement. The analysis was Qeveloaed unoer an acceleratea sc:eaule, and

of necessity provides scoping level detail, scaled uorn the detailed point es.<nate reported in the

95 TSLCC. It provides liie cycle cos estimates for four alternative scena-:os for disposal of

vitri--Hed high level waste (HLW) from Hanford. Scenarios vary ?-^.W cuaaaties and package

sizes ."-.om the 95 TSLCC estimate basis. The scenarios and approach are described in Section 3.

The analysis includes estimates for two new MW waste pac:a3es, two new transpor.ation casks,

and estimates of changes to repository sur,"ace facilities, subsurface imnacts, tri;nspor^ation, and

o-her program cos^s.

Es-•^rnates ofthe total defense share, based on application of the 1987 Federal Register

methodology, are provided in Section A. Two cases, Sce:-,arios 3 and 4, deoart sia*uncunty from

the base case. For these scenarios, quantitative estimates are provided, with qualitative discussion

of impacts and limits of the analysis. Analyses are based on and consisent with the 1995 TSLCC.

A"t.-anford vfulti-Psr-jose Canister ('tINTC) is being considered by DOE for on-site storage at

aa;.ford, foiowed by ;ranspor.ation to and disposal in a reaositcry. An 'rtiLnC would be an

ove;-pack canister >.6: me:ers un length by 1.61 mete: s outside di^^eter, sized to contain four of

the long fla::ford czrListers p: vitrined :^S.W such as those ass.:^ed for Scenazios 2 and 3 in this

analysis. For ir-.ssporation, esca Fi^^fPC would be placed in a transport:.tion overpack for

sripment. At the reoository, tne unooened Ii1vTC would be transierrea to a eisposal ove p2clc

which, combined •Fi,hl t: -_ EVi'C and its contents would comprise a four ca.isser waste package.

It is assumed that t;-ie:^DPC would be licensed for storage, transpor.ation, and disposal. The 95

TSLCC was not based on use of the h1IPC. A eualitative discussion of the impacts of possible

use of an ?;C is inciuded.



3. APPROACH

3.1 TSLCC BASELL`^E

The 95 TSLCC fo,rms the baseline for comparison of disposal cos's for alternatives, and for

estimation of the defense share for each alternative. The TSLCC assumes 9,860 standard

canisters ofrII.W ;;om Hanford are disposed ofwith 8,186 canisters ofH?.W Lom other DOE

sites and the West Valley Demonstration Project, cominQled with waste packages containing

approximately 84,000 metric tons ofUrartium (MTU) of commercial spent nuclear fue! (Siv-F).

The 95 TSLCC does not include other wastes being considered for inclusion in the Civilian

Radioactive Waste Management System (CRWMS), such as DOE SNF. The 95 TSLCC assumes

dis-oosal in a sinzie repository, with the Yucca Mountain site in Nevada serving as a surrogate to

allow estimation of total system life cycle costs. The Nuclear Waste Policy Act as Amended

(N'VVPAA) (reference 3) establishes a 70,000 Metric Tons ofHeavy Metal (_"VIT;`iVI) limit.on a

first repository, tied to opening of a second repository, and also specines that the need for a

second repository will be assessed between 2007 and 2010. This analysis assumes disposal in a

singlie repository, consistent with the 95 TSLCC assumntions. Design concepts in the 95 TSLCC

assume e,placenient ofwaste packages, containing four HLW canisters each, in the spaces
between S"NT waste pac'.cages, in a snacial arrangement with a high thermal load. The 95 TSLCC

assumptions were ;e!d constant, except as required for the scenarios. Costs reported in this

analysis are reaor-^ed in constant 1994 dollars to maintain consistency with the 95 TSLCC.

The 95 TSLCC baseline assumed use ofMulti-Purpose Canisters (MPCs) for disposal of

coZssnercz l S\'t. I-S.W is assumed to be disposed of in waste packages containing four standard
canisters each. Cu^:ent Ci,^ilian Radioactive Waste Management System (CRWMS) planning
does not assume MPCs for SNf' and the TWRS progcam is planning use ofF^tilPCs for HLW.

This analysis maintains MPCs for SNF disposal, and shipment and disoosal of individual tII W

canisters in waste packages to maintain consistency with the 95 TSLCC. Future TSLCC reports
will undate the CRVvtifS baselir.e. A qualitative discussion of the impacts of an PZI^iIPC is

provided in See.ion 4.

3.2 TWRS ALTER_^_ATNE SCE^Y.ARIOS

Waste streams that runi.:sized impact on repository capital costs were established for each
a!te.;.ative scenario. Delivery schedules were generated in discussion with the'IWftS program to
develop reasonable cases for evaluation of disposal costs without inordinate or unnecessary

impact to the repository. Additional opportunity for optimization of total defense high level waste
ows can res.:lt in caoital cost reduction. Further improvement of waste stream^ flows was not

aoss;ble wi-ain.tsk schedule constraints. The schedules for emplacement of waste packages
containing Hanford 1~LW are shown in Table 3-1.
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3.3 }fZTHODOLOGY

3.3.1 Defense Sbare ylethodology

The tiuclear Waste Policy :A_ct as Amended requires 5ull cost recoverv from both defense and

commercial users ofu5e repository, with no cross-subsidiition of pro^-am costs. Commercial

S^+i• disposal costs are paid from receipts from a rztepayer. :e charged on electricrr generzted

and sold from nuclear power plants. Defense costs are paid &om Defe:ise \uclear Waste

Disposal appropriations. Costs are allocated among proggram na,:iclvants according to a

methodology published in the Federal Re_gster (reference 4). Tiiis ,:.ethodology has been applied

to each case to estimate a total defense share for each scenario.

The methodology collects direct costs, allocates certain indirect coss based on piece count and

a*ea[ dispersion factors, and then assigns rrnaining costs based on facers derived from relative

direct and allocated costs. Assignable direcr costs are ir,cu-ed soleiy for the disposal of either

HLW or SHE and are zlocated in total to either the civilian progtan, defense program, or to

West Valley. Assi;naole com.mon variable costs are allocated among the civilian, defense, and

West Valley Drogrv.'nS by appropriately applying cost sh'u.::g iactOrS, Die..e count, and areal

diS'Jersion to the svemu:c L^.di`/idU?1 cost accounts. Com,InOn (Af2SSIgreII costs are the

re.T.u11:1g costs i:,ci cannot be e:uhe: dSe-c-tly a110C3:.,.^' or allocated on the basis of the cost

sa2ring factors desc=b-_d above. Unzssigned costs comprse a siru-:c^-*. porion of the total

Svstem cost due to :LI=a de•re!opment and evaluation costs compased to constst:ction and

operation.

The metiOdOloE`i was not deve!o'ued to evaluate extreme variations from the base case silch?S

the very low piece counts in Scenario 3 or the disproportionately large was.e package sizes in

Scenario ?. ^or t.'~:ese resons, snare allocation methodology may require modiacation if such

zternatives are ours•.sed, and rsective cost shares may ciange as a result. I"nis bias in

a,ethodology due to appl:ca_ion of a method for a point estimate to a si^nifi^nt case variation

tends to understate cos:s for Scenario 3, and may mirepresent costs for Scenario 4. A lesser

de<,ee of change alsa :::ay be require d for Scenario 2 to accour.t for c;-,ange in relative size of

waste DaclCages.

3.3.2 Mined Geologic Disposal System (TMGDS) Cost Estimates

Analyses of Scenarios 1, 2, and 3 were able to maintain 95 TSLCC design assumptions for the

repository thermal loadin g approach and emplacement ofHLW waste packages in the space •

be:ween not S t L2S e packages. JCenaSto 4 requires aSsL'.mDnon of development of additional

area(s) at the reposiio,± w:ti a low thermal load setting which is dedicated to excess Hanford

:?W. Tae HLW euat:ti;! -exceeds the number of available openings in the high thermal load

repositor•±. Detailed e^giaeering evaluzions were not pe.:ormed for this study. Waste package

forcesi^n ver;^ed sut^c•.ent corrosion allowances for the defnse high level waste packages

7



em^vlace.m.e.^.i in a low ;1e:T'i.al se-inQ.

MGDS esimates were deveioned for each case using TSLCC models adj.:s:ed for c:zz_es iz

t:^rouShput capacry and additional unde:^ound excavation where required. W2s e pzckage

dimensions and cos were developed consistent with the 95 TSLCC and 96Advanced ConcepLL,--+

Design bases. Repository estimates are based on the waste strea,n shown previously in Table 3-1,

and are consistent vyitn 95 TSLCC assumptions.

3.3_3 Transportation Cost Estimates

New HLW tramportation cask. desisms would be required to support Scenarios 2, 3 and 4. An

estimate has been made of changes required to the BLW cask design used in the 95 TSLCC to

acconmodate different size canisters compatible with the Hanford TWRS scenarios. No new

the.;nal, mechanical, or radiological analyses were per,"or,ned. The 95 TSLCC rssumes zHI.W

rail cask with a czpacty ofnve standard FiL.W canisters. The required cask types were scaled

from the notional cask design used in the 95 TSLCC. Capacity of the transpor,ation casks for the

long canisters in Scenarios 2 and 3 was determined as four long canisters each, to meet national

rail transporsaon sys:em limits, assuming similar shielding as the TSLCC cask design basis

(reference 5). This may be conse:vative. Design studies to optimize s:ueidu-ig for the low

radiologic activities of?MW may permit a reduction in shielding which could inc.ease the

capacity for long canisters to five canisters. Scenario 4 was based on one very large canister per

transoortz.cion cask. CaniL-t costs for alternative casks were estimated based on data for the

BR-100 rail cask. S uppizg and related costs.were estimated using the same me:hods as the 95

TSLCC.

3.3.4 Development and Evaluation and Other Program Costs

Development and evafuation (D&E) costs and other prograrn costs were evaluated and are

assumed to be essentially constant for Scenarios 1, 2 and 3. An addition for alternative cask

development was idenr'sed for Scenarios 2 and 3.

Sic-ii.acant increases in development and evaluation, and other program costs would occur for
Scenario 4 due to additional repository area characteri7--tion and licensing, and significant
e^ae.-LVion ofwas:e acceotance and transoortztion operations. Costs were estimated based on
notional schedules and throusbput rates consistent with the capacity required for the high ther.aal

lo2ding repository. Estimates are based on 95 TSLCC costs for similar activities associated with

a repository in the primary area with a high thermal loading setting. Esi-nates for the new scope
related to the raruord only repository areas assume cost eiZciene'es gained fron experience

during the first phase of development and onerations.



A. ^Y^I.YSIS

4.1 DEFE\Sr. SH-A= OF TOTAI. SYSTE,q COSTS

4.1.1 Results Summary

A summary of defense disposal costs for the TWRS alternatives is show•n in Tables ^.-1, 4.-2, 4-3,

and ;=. From lowest to iiighest total system and defense share costs, the alternatives are ranked

Scenario 3, 95 TSLCC Base Case, Scenario 2, Scenario 1, and Scenario 4. Scenario 3 reduces

overallprogratn costs by approximately SO.SB in 1994 dollars. Variation from the total system

life cycle cost ranges from -1 percent to =6 percent for the first three alternatives. Scenario 4

doubles the total system disposal costs, and shifts the program from a civilian repository that is

less than approximately 25 percent defense to a repository that is almost 75 percent deiease on a

total emplaced waste package count basis.

4.1? Limits of ?,nalysis

Results should suanor, evaluation of alteraatives for TWRS but should not be taken as final

2StLilates of the defense share. The e5tlIItateS are consistent with the 95 TSLCC. Es'a,;.ates are at

a scooing level of detail, scaled from TSLCC data and estimated through use of TSLCC mode!s.

Results are not based on engineering studies of the specinc alternatives and do not represent

detailed point estimates. As noted in Section 3, the cost sharing methodology is limited in its

application to cases which differ signific:.ntly from the base case. In DartICLlar, defense share is •

understated by the methodology for Scenario 3, and to lesser degrees for Scenarios 4 and 2,

respectively. In addition, future TSLCC updates are required to incorporate developing changes

to the CR^WS. Disposal ofDOE SNF, accommodation of a variety of utility cask/canister

systems for commercial SNT', and changes in funding profiles are current caanges which will have

s+ste.;i imoac and will aiiect costs and cost shares.

4.1.3 Direct Costs

Tables 4-1 t;rouSh S-4 provided-°.simates oftot^l disposal syste:n costs and total defense s.hare

2lioc_tions of disposal costs for each scenario, based on a consistent methodology. Defense share

est:.-utes include disposal of all planned HLW from Hanford, Savannah River, and Idaho National

EnZ^_,eerinS Laboratory. Estimates ofdirect costs forl3anford HLW compared to total defense

HLW are provided in Table 4-5 for use in further alIocation of program indirect costs among the

various defense progratns. The Federal Register cost allocation methodology esz imates total

defense share compared to civilian to ensure no cross-sllbsi6iZation of defense and civilian

programs but does not address allocations among defense programs.
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(InMllllolu of 1194I1o11+11)

C05T ALLOCATic)IU

T8LCC9s suNtln i fMn1

CabYoly WV Civilian Total IAllo.. NN Clvlllm Total lAfcnt/ WV Civilian Talol

IAv. oDnllnl J. Crw ual un 46 0,717 11,510 1,170 40 8.353 17.571 1,J77 ( 6 (1,J64 1
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J 5,516 5,519 0 J 5,516 5,510 0 0 0 Il
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W10: IdCM may f10I bUU UuG CO 1W!(,Cnuenl luunu"y

10



T1544 44 auuuutryotClvlll+n,lltfam,,anJWacIVclltyAllouilon Scuodo 2

pn 6100ont of 9994 oo0u[J

COST ALLOCATIO119

TSLCC95 ' Sunuin 7 WII+

Cal,Ooty antc Cv ,n oU Ml,ntc Lvlan ol a kf,ntc Cvl1n Tot+
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ft,nOVollatlon 4 74 10 1,040 7,700 754 13 1,037 7.590 370 , 3 (15 :fn
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rEIT 60 ' 1 226 3011 09 1 707 300 19 0 '(10 (0

fol+l $0,431 $114 $76,550 1]),09. Sa,640 S171 l75,711 571,1'Xl 57,71/ S19 ( SOJ9 $1.394

tb,canl+0,'A 19.U% 0.341 00.77% 10000% 7507% 0.3 9% 74.55Y, 1170.00% 56P/, 0.04% - 5.077, 0.0(7%
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(In Millions at 1994 Ik.llara)
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7oUY nny not add due to kutependenl rourdn0
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4? COST ESTLtiL^T^: Si.` SITTVTI IES

-'^..?.J. 'tZenositorY

A s'.lrnmary ot total renository COsts is provided lr'i Table 4-6 for the 95 TSLCC base case a^+c. ii+e

4 T`YRS scenarios, with a cost breakout by major cost ele.aent. The estimates are a subseL of the

total system costs shown in Tables 4-1 through 4=. The values represent total repostory cosis

for each scenario, without regard to allocation of costs to defense or civilian cost accounts. This

data provides insight into the effect of each scenario on total system costs. For example,

repository development and evaluation is constant for Scenarios 1, 2, and 3,'but increases by 32.3

billion (94Ss) for Scenario 4. The increase is a result of the cost of characteriztion of additional

are.- and associated licensing and development. This contrasts with defense shares oftota! D&=

shov,r previously in Tables 4-1 through 4-Y, which vary by scenario, dependent on sharing facors

based on direct and zssia:able costs discussed in Section 3.3.1.

Major components ofthe renository estimate include waste package costs, the auantity of

canisters, sur•"ace facility capital and operating costs, subsur,"ace capital and operating costs,

Nevada transportation capital and operating costs, and oerformance confirntation operations.

Operating costs are driven primarily by years of emplacement. Capital costs are driven b,v e¢iler

requi;ements for additional area or throughput capacity. Table 4-7 summarizes repository cos

drivers. It identifies cost c:anges as a ratio relative to the 95 TSLCC for each of the Hanford

T'W-R-S scenarios.

4.2.2 Transportation

Transportation operations costs are prunarily direct costs accrued by specific shipments. The

:^r,se saare oftransportation operations for the alternatives is most affected by the number of

camsters per transportation cask,'quantities of shipments, and cask fleets required to support the

s:.ipei+tg schedule. ^vfileags are addressed in the modeling of costs but are constant for all

Ha.*liord alternatives.

The defense shars oftra.<zsportation operations increased by 54 percent for Scenario 1, 74

gh number ofoerce::t for Scenario 2, and 713 percent for Scenario 4. Scenario 1 had a hi

sF ^ents but these costs were oâseL in part by reduced cask fleet costs due to the commonaIiry
or casks for all DHI,W. Cask costs increased only 34 percent to support the increased operational

tempo. Scenario 2 had fewer shipments than Scenario 1, but defense cask fleet costs increased

163 percant due to multiple cask types and high system throughputs. Scenario 4 increases are due

to t;,e erremely large number ofsizipments over a long period oftime, and dedicated

sansporation leets. Scenario 4 cask costs increased 549 percent. Scenario 3 costs decr°.zsed by

4 eercent overall. Savings that resulted from fewer trips were ouset by a 67 percent increase in

cas'.: t?eet cosis due to use of different tvpes for DHLW. There may be approac;ies to reduce this

:-pact by adjusting the assumed delivery schedules.
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Tab(e :-o Re.pository Cost Summary (millicns of 94Ss)

^-osa,aegory taso i ) acenano i jz:cenano _ 1--canar.c o I c^r.ar:c -

auapur&

Per-br,nance
I 1Connrmaaon 926 926 926 926j i,133

ura ce
Facifives 3,312 3°18 3,771- 3.66-07 7,"081

Suosurace
Paciliies 2,748 2.897I 2,7755 1 2.6421 6.-91
wasa

Package 3,876 4,786I ' 4,354+ 3,133I 21,145
eve opment

and cvaluaaon
(Yucca
Mounainoniy) 6,532 6.:a2 6,532 6.511 8.31S

(1) Tcrds rtay nct aGd dt-,e to 'v;ce^>endent racncr,g
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Table 1 7 Repostory Cosi Drivers

s-Z racxage (scenar,an^

Unitcostdue m glass pourcanis-arsizes

Scenario 1 1.00

Scenarios 2,3 1.41

Scenario 4 1.67

Waste Package quan8,yvariazon

Scenario 1 1.71

Scenario 2 1.40

Scenario 3 0.50

Scenario 4 13.69

ur:ace Faciliaes

Capial cos5
Scenarios 1,2,3 1.19

Scenario 4 128

Operadng labor

Scenario 1 12
Scenario 2 1.15
Scenario3 1.08

Scenario 4 2.5?

c.'.c=- Facilides

Capial and operaing aec:ed by excavadon

lengths and +neste package qLranaies

Scenario 1 1.05

Scenario 2 1.01
Scenario 3 0°6
Scenario 4 2.36
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4?.S Development and Evaluation and Other Yro^ram Costs

4.2.3.1 Scenarios 1, 2, and 3

Development and evaluation (D&E) costs and other program costs were evaluated and are

assumed to be essentially constant for Scenarios 1, 2 and 3. The only change identined for

Scenarios 2 and 3 is an addition for alternative cask development.

4.2.3.2 Scenario 4

In Scenario 4, repository D&E would increase to characterize additional repository areas required

to accommodate excess Hanford HLW which can not be emplaced within the primary area.

Characterization is assumed to start in 2026, followed by license application in 2032 and

construction authorization in 2035. Costs are assumed to be approximately 50 percent of 95

TSLCC costs for characterization and licensing of the renository primary area. Repository

sur,"ace operations and emplacement, along with supporting transportation and waste acceptance

operations, would continue 35 years after completion of emplacement of all commercial SVF and

other HLW. Allowing for a caretaker period ending 50 years zfrer sart of emplacement in the

additional area, pro¢ram duration would be ex:ended from the 95 TSLCC case completion in

2071 to closure and decommissioning in 2102.

Other D&E, waste acceptance operations, and other program costs were adjusted to the increased

scope. These activities also assume efficiencies over similar activities in deve!opment ofthe initial

repository primary area, and make adjustments for system simplification since there is only one

source ofwases to be disposed of in the Haniord HLW only period of operations.

4.3 EV.3I.UMON OE AT.TERNATTVES

The following identines quantitative and qualitative discriminators for the scenarios determined in.

the course of this cost analysis for each alternative. This analysis does not take in to account

other additional wastes such as DOE Sz1F which may be required to be emplaced in a repository,

or potential variation in HLW canister quantities from other sites. Technical feasibility and

enoironmental effects of disposal are,not within the scope of this study and are not addressed.

4.3.1 Scenario I

Scenario 1 simiucantiy increases the quantity ofHLW waste packages over the 95 TSLCC base

case. The 95 TSLCC design approach of emplacing HLW wase packages in spaces between the

higher thermal output SNF packages requires matching the incoming HLW and SNF waste

str--a*n. A disadvantage ofthis alternative is that it requires an eu-^cient use of most available

spaces between SN-F aackagges. Defense HLW waste packages fill anpro:dmately 7; percent of

the available spaces between SrIF waste packages in the period from 2015 through 2040. This
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^Z also does not '`<e.COuIQ limit ^owt: caD2cliv in the ?;r^...ary area of in.. °_CS1iCi} This =. "%sis

in to accou zt other additional "w'a<ies such as DOE JN= ••••-^•• --'^ ^^ • •red to be e.T:placed in

a re7ository, or poiential variatlon in t^W CalnSer vuantiiies =vfII Ot:'.er siies. For these reasons,

this alternative could compete .with ot.^.eC wastes beir,g cons:CereC^. for CSSDOsa!. A more efficieni

(lower 4u21ilty of :r+.W packages) L't1iz-a-tion of repositorj space wou!C be 7reie.?ed. This

altertlative is ran4ced third in terms of overall cos.

4.3.2 Scenario 2

Scenario 2 is closest to the base case in terms of the number of car.isters and repository

utilization, given Hanford e:toectations of higher glass production identified in refrence 1 ( 14,260

m3 vs. 6,100 m' assumed for TSLCC). It is a cost e.;eczzive alte:native and is compatible with the

desizi concents utilized in the 95 TSLCC. Some modincation to cost share methodology may be

reauired to account for disprooorionate changes in wzste package size, howevtr the

methodology bias is much less than for Scenario 3.

4.3.3 Scenario 3

Scenario 3 is a favcrable alte^at:ve from standpoint of m2zi;nlzcng the efficent use of repository

ca7aclty. This Zl:e-atlve has the lowest over211 d°iense'J/a$Le disposal cost, and reduces total

disposal proga:Z c--ss slioztl,v. The cost sharing methodoic__w requ i res moC[7catlon to acnieve

le_°?l reJL'lie:n--.^.is for ntll cost recovery as noted in the discuss ion s in Se--ion 3.3.1 above. The

low piece counts of :zis scenario fall outside the validity of the computational meshod. Following

such ad)ust'lent, cosis for &Lis ?Jte^ative would increase, however this would still be the lowest

cost alternative from the si3nd7olnt oi dlsposal.

4.J.-^. Scenario ^

Scenario 4, a no sepz.--tior.s zRe^ative, is not preferred from a disposal standpoint. Scenario 4

far exce_ds other -_kc:natives in total costs for disposal. This alternative requires substantial

dis7osal area be;lond what is be:n^ c::araCerazed by the Civilian IZadioactive WasteManagerne.tt

Prozraail. Sce^.aiio 4 wOL'ld require charaCaerl--tion or secondary areas in addition to the primary

ar°.a- being c:,arace-ized, suiiabili.ry determination of the area, and associated licensing of a

r,aford only section of the repository. It would require an alternate thermal strategy from that.

be::;gc planned for the repository. Seventy s:x percent of the Hanford wastes would require

emplacement in the additional areas in a low thermal setting, following emplacement of the first

wea v four ae:-,e t of the Hanford HLW and all other HLW,with all the available Si^IF in a high

ihe-nal se:ti:l_ in the Dii^:._.^+ area of the repository. This would require a license update for

additiona! area in an aitem=te t::e--lai setting. The requirement for both high and low thermal

loading areas in Sccnar,o : would complicate the licensing process. This is in contrast to the 95

TSLCC assumption of emplacement ofall P.I.W with SNt in the primary area in a high thermal

loeC!ng sei:n_. tYcess Guant.t!es oi'.'1anIord I.^I-W may exceed available areas in the renosttory.
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Disposition oi re.TiaVin< IHILW would not be decided until DOE: makes a

recornme da_ion on the need for a second repository, requir,.,. by the ^A to be in the pe:od

,:om 2007 to 2010.

The cost s.ar_n3 methodology may require modifrcation to actieve legal require neats for ull cost

recovery as noted in the discussions in SeVion 3.3.1 above. The ve.ryhign piece counts and large

relative size of ware packages in this scenario fall outside the validity of the computational

method. Further, uncertainties due to Scenario 4 assumptions may result in delays which could

require prolonged on-site storage of excess canisters at Haniord. Uncertainties in assumptions

also may increase disposal costs for this scenario.

4.4 QU4I.TTATIVE Ll•LPACTS OF USE OF ELAYFORD MITI.TI-PUZ2POSE CALYISTER

4.4.1 Repository

Use of anHI'IvL°C wiiich satisfies disposal requirements would result in a small cost saving at the

repository for Scenarios 1, 2, and 3. In each case, HLW canisters are already planned to be

disposed of in waste packages containing 4 canisters each, as is planned for the N2C. An M%LDC

would sinpli.-y surmce faciliry handling operations. Repository cost savings would be small if

any.

4.1.2 Transportstion

The Fi.'yf.°C be:n^,, cons;dered in'current TWRS planning is most analogous to Scenario 2 in this

analysis. Use of ar, IENLoC would have negligible effect on transportation for Scenario 2, which

assumes a h-LW tr_nsportation cask with a capacity of four long canisters each. Shipping costs

would be reduced siigitly, due to a lower empty weight for return shipments because any basket

strucure to hold the canisters is part of the HMPC. Cask capita! costs would be lower due to

absence of the basket structure and reduction in shielding thickness to account for shielding

provided by the I-i.,\?'C canister wal1.

The e-Eciency of an :i:viPC for Scenario 3 would depend upon the availability of suitable casks

required for other purposes. Acquisition of dedicated casks would not be cos. effective.

Use of an fi.'VLDC for Scenario 1 would requiie development of alternative tiausportation casks if

not developed for other requirements, and would increase the number of shipments by 25 percent

due to the capacity change of five canisters per cask to four.

An IDAPC would have no effect on transportation for Scenario 4 since these very large canisters

would be transported one per cask and there is no basket in either case.
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APPE`^DLX A

Request for Repository Disposal Fee Estimates for the Esnford Tank «'sste Remediation

System (TWRS) Environmental Impact Statement, dated Jun i, 1996.
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United States Government
r

Decari:ment of cnergy

memorandum

DAR: JUN 0 l 41990
RE?l7 To

.x-,Tx cF: Wn^D:PL 95-WD0-059

Riciiland Operations Oi7ice

sus.,=, : R^QUES"i FOR RE?OSITdRY DISPOSAL FEE ESTIMATES FOR THE HANFORD TANK WASTE
RE^IEDIATICN SYSTirM (TWRS) ENVIRONMENTAL IMPACT STATEMENT (EIS)

rc: Ronald A. Milner, Director
Office of Program Management

and integration, RW-30, HQ

References: 1. Office of Civil.ian Radioactive Waste Mana^ement Report,
"Analysis of the Total System Life Cycle Cost of the
Civillan Radioactive Waste Management Program," DOE-RW-
0479, dated September 1995.

:. Mp_=randum from R. A. Milner, HQ, to J. Kinzer, RL,
'Evaluation of Hanford Longer High-Levei Waste Product
Canister Option for Acceptance by the Civilian
.Radioactive Waste Hanage.ment System,' dated April 5,
1990.

74RS urcently requests sutport'from RW concerning the estimated costs for
disposal of de;'ensa High- aval Waste ( HLW) from Hanford in order to
comnlete the final TWRS EiS. Disposal costs in the draft TWRS EIS were
iniL6ially estimated by extrapolating data from Reference 1.

In order to address recent co,;anents on the draft EIS, more rigorous' cost
estimates based on application of RW's disposal cost methodology ar=.needed
for four 742S alternative scenarios, which are defined in Attachment 1.
These scenarios include use of a fffteen-foot long canister ( Reference 2),
as well as incorporation of the results of a recently completed
probabilistic estimate of the quantity of borosilicate glass expected from
tha reference HLW pretreatment and vitrification procasses. Attachment 2
provides additional technical data, requested by your staff, to assist them
in evaluating these scenarios.

The scheduled date for release of the TWRS EIS is. July 31, 1996. To
achieve this date the revision must be completed by June 28, 1996. Based
on recrnt discusslans with members of your staff, it is our understanding
that RW could nrovide informal input for-the four scenarios by June 18,
1996. A fo ral, referencaable memorandum su,amar9zing the estimates should
be transmitted by June 21, 1996. These dates are the latest that will
allow the TrtRS Progra;a to meet the schedule for issuing the iWRS EIS by the
and of July.

Choon Quan of'your staff has advised us that RW contractor staff are
availabiz to resnond to this request. It is understood that RW is willing
to proceed with this study pending satisfactory resolution of funding
considarattons.



^ ^ , ^ . . . . .--.-

Renald A. Hilner -Z-
96-aD0-06^

ihank you very nuch for your prompt consideration of this very i.^vcr:an=

re_ques6. If you have any quastions, oleasa contact me on (=09) 376-7591 or

Phil E. LaMont of my sta;t an (509) 37n-6117.

Q&^Ql11iA1. AV'
Jackson Kinzer, Assistant Manager•
Ofrica of Tank Waste Re^ediatian Syste:^^

Attachments (2)

cc w/attachs:
S. Cowan, EM-30
T. Harms, EM-38
H. Hunemuller, E:1-38
C. Myler, EM-38
C. Conner, RW-35
J. Carlson, RW-37
S. Gembero, RW-37
C. Quan, AW-37
S. Rousso, RW-40

bcc w attachs:
W00 O^F File "
'dD6 Rdq File
BI^iIC File '
P . LaMont, WDO
C. Henderson, Jacobs
B. Gibson, TRW
L. Meyer, TRW
S. Schaus, WHC
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The Hanford Tank Waste Re,ediation System (7`aRS) ;.rocrac^ is on an accressive

schedule i0r comOleLion or its .nvironmenTal i:TipaC: Jta^eC.ent (:1S) ror the

disposal of Hanford's tank wastes. in order to comqle=e the required

definition and evaluation of major alternatives, preliminary estimat2s of the

repository fees for defense HLiI disposal for the `cur (4) sc=narips described
below are needed by 6/1=/90. An appraved re-lerancaable mesorandum
transmitting these disposal fee estimates is needed no later than June 21,
t996.

iW has provided a baseline allocated cost estirate for dis::osal of 18,046

de.'ensa HLW 'standard" 0.61m x 3.Om (0.62 rT) canisters in a single repository

as reaorted In DOE/RW-0479, aAnalysis of the iotal System Lire Cycle Cost of
the Civilian R<otoac,.ive Waste Management Program'. Star_ing with the TSLCC
as a baseline, iaRS is requesting allocated dnfense UL'^ disposal fee estimates
rcr the rollowing seenarios as suraaarize_d in iabie 1:

Scenario 1 : SnC.rea52 the estlCiat'_ d number o fr 'standard' Cznisters for Hanford

from 9,850 in the iSLCC to 23,000, which refiects current^udament
of t^:e most procable quantity of iw^uCGi tize.^. 'L< (14,000 u) for

the refarencD 'enflanced sludCe tlas^' CrCc°ss.

yen=_rio 2 : ass::me 12,2C0 'ior.g' 0.6.1m x 4.5m canisters (1.17 m3) for the most
pr:,babi= quantity of Hanford's HL':1 as described in Scenario 1.

Senario 3 ; ;ss'u:-e 530 'long" canisters for 620 M.3 of HLW resulting from
°2xtensive separations" pretreatment process. •

`C=nnri0 ' : Assume 36 =0 0 'very large" 1.58m X5.03m canisters ( 10 m3) for

364,000 'a 7L'a produced without any pretreatment.

Since the TSLCC inciuded ;(ulti-Purpose Canisters for conercial Spent Nuclear
=-tel and for 'des; Yaii:y's HL'^1, but not for defense HLW, this cost component
should be retained for the above calculations in order to ensure cdnparability
with the TSLCC report. if the HPC cost component is not rotained for the
reauested calculations, Table 7-1 in the iSLCC should be updated to delete the
NrC.

The draft 1WRS-:?S Is based on placing the HLW canisters in a "Hanford Multi-
Purpose Canis:ar" (H"cC) -"or interim onsite stDraoe and transfer to RW for
disposal. Reczcnizing that defense HLW canisters were not placed in MPCs in
the 1995 TSLCC, "c'd is requested to co:mnent qualitatively on the disposal fee
,-pact, If the 'r:kPC concept were to be used. (NOTE: Cost of the HMPC is
c^^rrentlV included in the cOsi: of waste treat^nent at Hanford..)

_ is requested that tie d_i5a0Sal fee estimates be reportad similarly to the
i.)LC: base case s;:C'an in Ia01e 7-1 oT the TSLCC reoor_* and sL'mmarized as shown
In Table 1.



Attaclunurt 1

1'aqn 2 of 2

TABLE I - REPOSITORY DISPOSAL FEE EYALUATION MATRIX

Canlster
Size

Pretreat
Process

Volume or
Glass, re

----••-

Number of
Ilanfor•d
Ca nlsters

Total No.
of [NILH
Canisters

Total Allocated
Reposl- DIILW
tory Cnst Share

Rase Case 0.G1m 1) X FS11' 6,100 9,860. 18,046 $33.1 R 56.433
1111-0479 3.0 in_

X E 604 0 z 1
i, f 11 jr ( .: ^ jScenario 0.61m D SN 1 ,2 23,00 3 ,185

11 (mnst 3.0m
prnbabl
Val nme
Scenario 0.61m p X ESI! 14,260 12,200 20,386 1
1?. (long 4.5Dm ^ 11) 1
canister )

. 1 ^Scenario 0.61m D X Extenflve 620 530 8,716 ^ ?.. .} ^
13

f l
4.5Dm Separsa-

ti
r
(

.. : I () ^ ( 1) .^ I
n ra,m

v
m
nlume

ons
'
.p(
!1`

1 ;
! ^ I { 1

1
^

t ^Scenorfo 1.G8m 0 X NO 364,000 3¢,400 44,586 ^

^

^1t` 1
^ ^ ^14 (very 5.03m i'rnt^ eat- fRt

)'}
r,i )
•' )

(^^
c.

l ar9 e
i t

ment
f

can s erL

1 Enhanced Sludge Ilaslr (Caustic Leaching)--TURS Technical Baseline for pretreatment of Ntk sludqes

Tlrls.value was Judged to be the most proUable volume of glass produced using the current TURS flowsheet
(memo, Taylor/Lang to Distribution, 4/29/96)

3 Extensive Separatlons--Alternatlve pretreatment processes for Ill.Sl waste'sltul9es
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TECIIHICAI. DATA TO SUPPORT DISPOSnI. FEE cALCULAT1uNS FOR TttltS-[IS

outer Otam.,u Length, in Wall thick- Nominal Total Annual
noss, cm Glass Hoallnal Production

Yolume, nrx Uulght,kg Rate, I of
ca(list•ers

OiIPf standard 0.61 3.00 1.0 .0.62 2,200 15000t
canister

T1IRS standard 0.61 4.50 1.0 1.17 3,700 8o01
canister

752

T4111S °very 1.68 5.03 2.5 10.0 29;700 2,2001
larae' canister

the total therwl outry.rt from all Hanford uoate i s 930 W, Irxkxed to Oeus6er• 2021 ard uaualrri that the l:a Sr capaula.inventoriea are tnctu(cd

In lha Otass, for pt.t•)wses of weluatirat the, lour ( t) seonarloa, It ahould he sscutaal that the thcnsal eut(wt it uni(orrty dlstrlhuted aownu the
rxy(xr of canistera ueocletal with sech acenarlo, a.p. 1.5 )1( per eanlater for ictnarto 3.

the total uplvatent Metrie Tone HeavY Metal (tATIH) (or all Henlord tenk uuate Is eatlraltd to be 2,600, ualo& the pro" td nwlhalolayy for

calculatiM oqulv.alauy that Is desarlioed In POE-AL/Ht-Ol. Apafn It should he assunud for Tn,t'{wsar of this axorelsa, that the f-HTIN are tniforedy

dlctrllxrted wson0 11sa raither of eanlatera isanelaled ulth each seenarlo, e.g. 4.9 cMTIG per eaplster for Scenarlo 3.

1 for icnmrlus I ani 2, the full•sula ( Phaaa ) t) prahtetlon ratu are 6oaa1 on an Inetuttenwus a+ltar eKxaeity of 12 11T/e4y at 60% total operatitxt

elficlency.

2 For Sconirio 3, the praAretlat rate at baaed on an Instardanewn teslter rate of I MT/day and a 6DX 10[.

ror Tcmrarlu 4, the tull-acala ( Phaaa 1I) praAxtlon rate It hasad en ap Int4ntaruoua tnelter rata of 260 MT/day ud a 60X TOE.

Full•acale praAxtIon ( Phau ll) of HLU ylaas at Iwtford Is achuDtlsd to atart In 2013 atd Is to Iw eaepletedrw later than 2028 (Tri-tarly Aurar.nutt

eilestorx). fer aarlier Infonwllon frue pU ( erartlt, luly 1991), Ilanfonl'a NLU eutlaters could he ship p ed etartlne in 2D22 at a rnaxlir.n rate of 000

carilstr.rt per year.. Hwrcvar, the ntrrent p(arvdtN lusa for the IUtS pro0rrn It to provide interir on-alte atora0e for all Of the HIU unislcra.
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^ 2.4711-03
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C111-24 4 I 11•01 1.53R•03

C t-1 3 5 1 .9 2I1•0 l 1.16R-02

^Cc-1 3 7 4.63I4•104 2•95R•1•03

1-12 9__
N1•63 5.581!^I (XI 2.10•I-01

N >-237 9.2311-02 5.0911-03

Nt-238 1.42B•i-00 8.480-02
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^-
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ll^ , ihn.rLEL
Itid lanucl'J b iirvcnlar 11IWGl au CWIot/1.17m'3

Ituo C.iu ( A-1 canitlcr

Cl/m)

Ann-241 1.6711 •P02 1 . 9611-h 02

Am-243 5.3511-02 6.2611•02

C.•14

Cm-244 1.8411•01 2.158•01

Cr135 • 2.3311-01 2.7213;01

Cc•137 5.62fl^1^(1'1 6.57 11-04

1-129

141•63 6.7811•1-00 7.9311•h00
Np237 1.12I1-0 t 1.3111•01
Pu-238 1.7211-4-00 2.0IIl+(Xl

ha-239 4.2011i-01 4.9111-H01

Pu•210 1.0611i-01 1.2411+01

pu-241 1.1911-442 . 1.3911+02_

Ili-226 4.3211-10 5.051140

Ru-1 06 6.0611•05 7.0911•05
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U-235 __ 5.2611405 6.1511-05

11•238 1.2211-03 1.4311-03

'Lr-93 7.6713•01 8.9813•02

tonnt Sn3 6.20ni a7

ItaAlnmxliJ>a rtllucl dnc^ ln 12J31/>) _ _

Notu: Ltiu1u 6om decxy riul. not indinled
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TWRS FEIS HLW DISPOSAL COST METHODOLOGY

This paper outlines the proposed methodology for calculating the disposal cost for each of the ex

situ alternatives addressed in the TWRS EIS. The disposal cost for placement of HLW in the

potential geologic repository will be calculated using the scenarios outlined in the Draft Cost

Estimate Report on Disposal Costs for Tank Waste Remediation System Alternatives developed

by OCRWM. Based on four scenarios developed by DOE-RL, this report identifies the total

repository cost and the allocated defense share using the same methodology as the 1995 Total

System Life Cycle Cost of the Civilian Radioactive Waste Management Program.

In order to show the disposal cost by alternative in the TWRS EIS, Hanfords' share ofthe

allocated defense share must be estimated. The proposed approach for estimating the Hanford

share would be to multiply the allocated defense share by the ratio of the number of waste

packages generated at Hanford to the total number of defense waste packages. A waste package

would contain four of the standard or long canisters and one ofthe large 10 m' canisters.

Disposal fees for scenarios not specifically modeled by OCRWM (e.g., Ex Situ/In Situ

Combination 1, Ex Situ/In Situ Combination 2, and No Separations alternatives) and for

scenarios with a revised canister count (Ex Situ No Separations Vitrification) will be

extrapolated from the modeled data. This would be accomplished by plotting the number of

waste packages versus the TWRS repository costs. The disposal fees for the TWRS EIS

alternatives using this approach are shown in Table 1.

Comments on the proposed TWRS EIS disposal cost methodology are needed by

incorporate into the 7/31 Preliminary Final EIS. Please forward comments via cc mail to Jacobs

Engineering Group and Carolyn Haass.

fi:\USERS\CHENDERSISSUES\REPOSITO\REPOS.709



Table 1. TNVRS EIS Repository Fee Estimates

Alternative Canister Number of Number of Allocated Hanford Share Cost per

Size Hanford Hanford Waste Defense Share (94S$) Waste Package

Canisters Packages (94Ss)1 (94$s)

ExSitu 1.17m' 12,200 3,050 $3.6B S5.lB S1.688M

Intermediate
Separations

Ex Sita No 10 m' 29,100 29,100 537.68 S 1.29IM

Separations -
Vitrification

ExSituNo 10 m' 10,300 10,300 514.128 S1.373M

Sepatations -
Calcination

Ex Situ Extensive 1.17 m3 570 143 S4.OB 50.268 51.818M

Separations

Ex Situ/In Situ 1.17 m' 8,540 2,135 S3.6B $1.677M

Combination I

Ex Situ/ln Situ 1.17 m' 4,940 1,235 52.18 51.684M

Combination 2

Phased 1.17m' 12.200 3,050 S3.6B S5.IB 51.638M

Implementation

Scenarios evaluated but not used in the TWRS EIS

Minimum Volume 1.17 m' 530 133 S4.0B 50.248 S1.836M

BateCase 0.62m' 9,860 2,465 56.433 53.51B S1.424M

Scenario 1 0.62m' 23,000 5,750 510.313 S7.68 51.322M

Scenario 4 IO m' 36.400 36,400 549.38 546.7B $1.283M

Notes:
1. For alternatives that were modeled by OCRWNI
Table modified 7/16/96 based on refined extrapolation for EIS alternatives not modeled.

H:\USERS\CHEYDERSVSS UES\REPOSITO\REPOS.709
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Henderson, Colin

From: Stein, David
To: Henderson, Colin
Subject: TWRS Repository Costs
Date: Monday, July 08, 1996 12:56PM

I have reviewed Steve Schaus's (Westinghouse) comments on TRW's "Draft Cost Estimate Report on
Disposal Costs for TWRS Alternatives" dated June 25, 1996, and agree with his analysis to use waste
package count rather than canister count as the basis for allocating Defense Share Costs. His analysis and
calculations of the TWRS Hanford share are in fact the same approach that we discussed last week. The
proposed formula for calculating repository costs for the Hanford TWRS will be as follows:

Defense Share Cost x Hanford Share = Alternative Repository Cost

where Hanford Share = ratio of Hanford waste pkgs/ total Defense waste pkgs

Waste packages for the 0.61 m x 3.Om and 0.61 m x 4.5m canisters will be calculated by dividing canister
count by four, while waste package count for the very large canisters (1.68m x5.03m) will be the same as
the canister count.

Repository fees for scenarios not specifically modeled by TRW (Combos 1 & 2 , No Separations
Calcination) and for scenarios with a revised canister count (No Separations Vitrification) will be
extrapolated from the existing data (plot of # waste pkgs vs Hanford TWRS Repository Costs). The
Repository Costs for Hanford for the alternatives using this approach are as follows:

Alternative # Canisters # Waste Pkgs Hanford Repository Fees
Total Per Waste

Pkg
No Separations

Vitrification 29,100 29,100 $37.4 billion $1285 thou
Calcination 10,300 10,300 $13.2 billion $1285 thou

Intermediate Sep. 12,200 3,050 $5:9 ^bllion__ $1688 thou

Extensive Sep. 570 143 $0.24 billion $1836 thou

Combo 1 8,540 2,135 $3.6 billion $1688 thou
Combo 2 3,550 888 $1.5 billion $1688 thou

Phased Imple 12,200 3,050 $5.1 billion $1688 thou

Call me if you have any questions.

^

Page 1



[1] From: Paul S (Steve) Schaus at -WHC300 7/3/96 2:55PM (7533 bytes: 131n, 1 f

Priority: Urgent
To: ^Jacobs Engineering Group at -DOE_HANFORD_I
Receipt Requested
cc: Philip E LaMont at -DOE4, Carolyn C Haass at -DOE4, Robert W Lober at -DOE4,
Daniel D Button at -DOE4, Roger W (Rod) Powell, Russell J Murkowski,
Dennis J Washenfelder at -WHC156, Thomas W Crawford at -WHC347,
E J(Gene) Kosiancic at -WHC156, Paul S (Steve) Schaus

Subject: Preliminary Analysis of RW's Disposal Fee Calculations
------------------------------- Message Contents -------------------------

Text item 1:

Colin--Based on our telephone conversation earlier today, I
have summarized my preliminary analysis of the disposal fee
calculations that RW has recently completed at our request.
While the results are first order estimates and based on a
rather simplistic approach, they have the potential to
iinpact the conclusions that have been reached in thb
TWRS-EIS.

Since it sounded as if you might be working on resolving EIS

comments addressing the disposal fee issue over the weekend,

I wanted to share my early conclusions with you even in a

preliminary fashion. We can discuss in more detail next

week. While I will not be back in the office until next

Monday (Friday is a holiday for WHC), I will be in the
Tri-Cities most of the weekend and can be reached at
627-1500 (home phone).

Steve Schaus



File item 2: DISP FEE.SUM 7/3/96 2:28PM



TWRS'S PRORATED SHARE OF DISPOSAL FEE

I would propose to use a canister (piece part) count approach as a basis for
estimating TWRS's prorated share of the repository disposal fee (p. 2, Table
1-1) for the following reasons:

1) the common unit for repository disposal is RW's waste package, not
the canister; the same waste package will be used for 10' canisters, 15'
canisters and bundles of spent nuclear fuel rods.

2) glass volume isn't an appropriate basis; otherwise, the disposal
costs for Scenarios #1 and #2 would be the same (both are based on
14,260 m' of TWRS-produced glass).

3) it's easy to understand and explain as the TWRS Program attempts to
respond to comments from the EIS review.

However, for Scenario #4 the very large canister is already the approximate
size"of RW's waste package. Therefore, in ordbr to determine TWRS's share of
the disposal fee. the number of canisters produced by DWPF and Idaho (8,186)
needs to be divided by 4 in order to establish an equivalency. The total
number of defense "waste packages" is-38,467, of which 36.400, or 94.6%, would
be produced at Hanford.

A comparison of Scenarios #1 and #2 (volume of HLW glass is constant) provides
an estimate of the potential disposal fee savings realized by using the 15'
(4.5m) canister. The cost of the repository is reduced by $0.6B, while the
DOE's share of the disposal fee is reduced by $1.7B and TWRS's prorated share
is reduced by $2.5B.

Similarly, a comparison of Scenarios #2 and #3 provides insight into the
potential disposal fee savings realized by substantially reducing the volume
of HLW glass produced at Hanford from 14,260 m3 to 620 m3. The benefit of
extensive separations (provided that the target volume could be achieved) can
be expressed as a repository cost savings of S1.9B, a disposal fee savings to
DOE of $4.6B. and a prorated disposal fee savings to TWRS of $4.9B.

For both of the comparisons shown above, the fact that the allocated defense
share savings is larger than the total repository cost savings can be easily
explained. As the number of TWRS canisters is reduced, not only is the cost
of the repository reduced. but more of the repository's fixed costs are
reallocated from the defense HLW canisters (and the taxpayers) to the
commercial SNF (and the ratepayers). Similarly some of the fixed costs



included in the defense share is shifted away from TWRS and to DWPF and Idaho
as fewer canisters are produced.



DISPOSAL FEE ALLOCATIONTO TWRS

Repository Cost DOE's Share Comm. SNF Share TWRS's Share Disp. Fee/Can

Base Case $33.1B $6.43B $26.67B $3.51B 8356K
(RW-0479)

Scenario #1 35.1 10.3 24.8 7.6 330
(10' canisters)

Scenario #2 34.5 8.6 25.9 5.15 422
(15' canisters)

Scenario #3 32.6 4.0 28.6 0.24 459
(ext. sep.)

Scenario #4 66.2 49.3 16.9 46.7 3211
(no separation)

a The disposal fee for each very large canister is actually 4X this value, since a very large canister is
dimensionally the same as a waste package which contains four (4) canisters. For purposes of comparison
with the other scenarios an "equivalent" value is shown.



[1] From: ^Jacobs Engineering Group at -DOE_HANFORD_1 7/9/96 2:20PM (11103 bytes

:31n,1fl)
To: Carolyn C Haass at -DOE4, Kevin J Kjarmo at -WHC 117, Robert W Lober at

-DOE4, craig myler, Philip E LaMont at -DOE4, Paul S (Steve) Schaus at
--WHC300, Daniel D (Dan) Button at -DOE16, ^Jacobs Engineering Group at

-DOE HANFORD_1
Subject: TWRS FEIS HLW Disposal Cost Methodology

------------------------------- Message Contents --------------------------

Text item 1:

Please see attached file.

Thank you.



File item 2: REPOS.709 7/9/96 2:23PM



TWRS FEIS HLW DISPOSAL COST METHODOLOGY

This paper outlines the proposed methodology for calculating the disposal cost for each of the ex

situ alternatives addressed in the TWRS EIS. The disposal cost for placement ofHLW in the

potential geologic repository will be calculated using the scenarios outlined in the Draft Cost

Estimate Report on Disposal Costs for Tank Waste Remediation System Alternatives developed

by OCRWM. Based on four scenarios developed by DOE-RL, this report identifies the total

repository cost and the allocated defense share using the same methodology as the 1995 Total

System Life Cycle Cost of the Civilian Radioactive Waste Management Program.

In order to show the disposal cost by alternative in the TWRS EIS, Hanfords' share of the

allocated defense share must be estimated. The proposed approach for estimating the Hanford

share would be to multiply the allocated defense share by the ratio of the number of waste

packages generated at Hanford to the total number of defense waste packages. A waste package

would contain four of the standard or long canisters and one of the large 10 m3 canisters.

Disposal fees for scenarios not specifically modeled by OCRWM (e.g., Ex Situ/In Situ

Combination 1, Ex Situ/In Situ Combination 2, and No Separations alternatives) and for

scenarios with a revised canister count (Ex Situ No Separations Vitrification) will be

extrapolated from the modeled data. This would be accomplished by plotting the number of

waste packages versus the TWRS repository costs. The disposal fees for the TWRS EIS

alternatives using this approach are shown in Table 1.

Comments on the proposed TWRS EIS disposal cost methodology are needed by 7/15 to

incorporate into the 7/31 Preliminary Final EIS. Please forward comments via cc mail to Jacobs

Engineering Group and Carolyn Haass?

H:\XFER\CA\CCMAIL\07 0972



Table 1. TWRS EIS Repository Fee Estimates

Alternative Canister Number of Number of Allocated Hanford Share Cost per

Size Hanford Hanford Waste Defense Share (94Ss) Waste Package

Canisters Packages (94$s)' (94Ss)

Ex Situ 1.17 m' 12,200 3,050 $8.613 $5.113 $1.688Ivi

Intermediate
Separations

ExSituNo 10 m3 29,100 29,100 $37.413 $1.285M

Separations -
Vitrification

Ex Situ No 10 ml 10,300 10,300 $13.213 $I.285M

Separations -
Calcination

Ex Situ Extensive 1.17 m' 570 143 $4.0B $0.2413 $1.836M

Separations

Ex Situ/In Situ 1.17 m' 8,540 2,135 $3.613 $1.688M

Combination I

Ex Situ/in Situ 1.17 m' 4,940 1,235 S2.1B $1.688M

Combination 2

Phased 1.17 m' 12,200 3,050 $8.613 S5.113 SI.688M

Implementation

Scenarios evaluated but not used in the TWRS EIS

Base Case 0.62m' 9,860 2,465 $6.438 $3.51B $1.424M

Scenario I 0.62m' 23,000 5,750 $10.313 $7.613 $1.322M

Scenario 4 10 m' 36,400 36,400 $49.313 $46.7B $I.283M

Notes:
1. For alternatives that were modeled by OCRWM

H:IXfER\CA\CCMAIL\07 09I2
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[1] From: Paul S (Steve) Schaus at -WHC300 7/10/96 11:48AM (15315 bytes: 15 In,
1 fl)
To: ^Jacobs Engineering Group at -DOE_HANFORD_l
Receipt Requested
cc: Philip E LaMont at -DOE4, Daniel D Button at -DOE4, Carolyn C Haass at
-DOE4, Robert W Lober at -DOE4, Roger W (Rod) Powell, Paul S (Steve) Schaus

Subject: Comments on Proposed Repository Fee Estimates

------------------------------- Message Contents -------------------------------

Text item 1:

Colin--Phil LaMont, Dan Button and I met this morning to
review your proposed TWRS-EIS Repository Fee Estimates. The
attached file is a revision of what you had sent out for our
review. The revised values are based on linear
interpolations of the computed estimates of the allocated

defense share provided by RW/TRW using their Total System

Life Cycle Cost model. From those interpolated values we

computed both the Hanford share and cost per waste package

values.

If you have any questions regarding the information
provided, please call me at 372-1149. Thank you for the
opportunity to provide comments.

Steve Schaus



File item 2: REPOSFEE.710 7/10/96 11:47AM



TWRS FEIS HLW DISPOSAL COST METHODOLOGY

This paper outlines the proposed methodology for calculating the disposal cost for each of the ex
situ alternatives addressed in the TWRS EIS. The disposal cost for placement of HLW in the
potential geologic repository will be calculated using the scenarios outlined in the Draft Cost
Estimate Report on Disposal Costs for Tank Waste Remediation System Alternatives developed
by OCRWM. Based on four scenarios developed by DOE-RL, this report identifies the total
repository cost and the allocated defense share using the same methodology as the 1995 Total
System Life Cycle Cost of the Civilian Radioactive Waste Management Program.

In order to show the disposal cost by alternative in the TWRS EIS, Hanfords' share of the
allocated defense share must be estimated. The proposed approach for estimating the Hanford
share would be to multiply the allocated defense share by the ratio of the number of waste
packages generated at Hanford to the total number of defense waste packages. A waste package
would contain four of the standard or long canisters and one of the large 10 m3 canisters.

Disposal fees for scenarios not specifically modeled by OCRWM (e.g., Ex Situ/In Situ
Combination 1, Ex Situ/In Situ Combination 2, and No Separations alternatives) and for
scenarios with a revised canister count (Ex Situ No Separations Vitrification) were linear
interpolations from the modeled data. The interpolated disposal fees for the TWRS EIS
alternatives using this approach are shown in Table 1(see Footnote 1).

D:\WPDATA\MAIL\REPOS.709



Table 1. TWRS EIS Repository Fee Estimates

Alternative Canister Number of Number of Allocated Hanford Share Cost per

Size Hanford Hanford Defense Share (94$s) Waste

Canisters Waste (94$s) Package
Packages (94$s)

Ex Situ 1.17 m' 12,200 3,050 $8.6B $5.13 $1.688M

Intermediate
Separations

Ex Situ No 10m' 29,100 29,100 $42.613' $39.813' $1.368M'

Separations -
Vitrification

Ex Situ No 10 m3 10,300 10,300 $19.8B' $16.5B' $1.598M'

Separations -
Calcination

Ex Situ Extensive 1.17 m3 570 143 $4.013 $0.24B $1.836M

Separations

Ex Situ/In Situ 1.17 m3 8,540 2,135 $7.25B' $3.7B' $1.734M'

Combination I

Ex Situ/In Situ 1.17 m' 4,940 1,235 $5.85B' $2.213' $1.782M'

Combination 2

Phased 1.17 m^ 12,200 3,050 $8.6B $S.IB $1.688M

Implementation

Scenarios evaluated but not used in the TWRS-EIS

Base Case 0.62m3 9,860 2,465 $6.43B $3.51B $1.424M

Scenario 1 0.62m3 23,000 5,750 $10.3B $7.6B $1.322M

Scenario 4 10 m' 36,400 36,400 $49.3B $46.7B $1.283M

' Interpolated values derived from TSLCC model results

D:\WPDATA\MAIL\REPOS.709
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[21 From: Neil R Brown at --DOE4 5/30/96 9:56AM (4071 bytes: 461n)
To: ^Jacobs Engineering Group at -•DOE_HANFORD_1
Subject: Re: LAW Inventory Left Onsite Under TWRS EIS
- - Message Contents

Text item 1: RFC822 message headers

Mark Nelson
Please make sure this is the inventory used in the EIS. Let me know if

there are any problems.

Forward Header
Subject: Re: LAW Inventory Left Onsite Under TWRS EIS
Author: Neil R Brown at -DOE4
Date: 4/24/96 12:51 PM

Colin Below is my list of radionuclides to be disposed of at the
Hanford site as LLW product. The basis is found in WHC-SD-WM-.TI-699
revO (not yet released) information can be found in the grout PA etc
with similar numbers. These are the numbers that should be used for
both the intermediate and phased implementation plans.

Cs+Ba=10MCi
Sr+Y = 6.8MCi
TRU =1.22 E-02 (this is your intermediate separations case)(I do not
have the breakout of the different radionuclides yours should be fine)

Tc = 0.0259 (this is your intermediate separations case)

tota1=17 MCi

Call if you have any questions. Simply stated, these are the numbers
we are asking the NRC for, and we do not want to be constrained
unnecessarily by the EIS.

Reply Separator
Subject: LAW Inventory Left Onsite Under TWRS EIS
Author: Colin.Henderson@jacobs.com (Henderson; Colin) at -MailLink
Date: 4/24/96 8:21 AM

Received: from fepO.rl.gov by ccmail.rl.gov with SMTP



(IMA Internet Exchange 1.04b) id 17e47840; Wed, 24 Apr 96 08:23:48 -0700
Received: by fepl.rl.gov (5.51/5.17.r1-1) -

id AA06908; Wed, 24 Apr 96 08:18:29 PDT
Received: from Microsoft Mail (PU Serial #1418)
by PASNT02jacobs.com (PostalUnion/SMTP(tm) v2.1.8 for Windows NT(tm))
id AA-1996Apr24.082100.1418.180815; Wed, 24 Apr 1996 08:21:25 -0700

From: Colin.Henderson@jacobs.com (Henderson, Colin)
To: neil-r-brown@rl.gov (Neil Brown)
Message-Id: <1996Apr24.082100.1418.180815@PASNT02 jacobs.com>
X-Mailer: Microsoft Mail via PostalUnion/SMTP for Windows NT
Mime-Version: 1.0
Content-Type: text/plain; charset="US-ASCII"
Date: Wed, 24 Apr 1996 08:21:25 -0700
Subject: LAW Inventory Left Onsite Under TWRS EIS

^



Text item 2: Text Item

To: Neil Brown

From: Colin Henderson, Jacobs Engineering

Subject: Radionuclide Inventory Left in the LAW Vaults

One of the issues we have identified is whether the optimistic separation
efficiencies that were assumed for the engineering data packages
(Intermediate Separations, Extensive Separations, and Phased Implementation)
result in adequately bounding the EIS analysis for the LAW. We bound the
impacts from a volume standpoint by lowering the waste loading ofthe LAW to
15 wt. %Na2O but at the time we did not evaluate the inventory of the LAW.

The inventory used in the EIS for the LAW under the Intermediate Separations
alte3native (old TPA case) was:
Cs and Ba =0.493 MCi
Sr and•Y =1.9 MCi
Tc = 0.0259 MCi
Am = 8.6 E-03 MCi
Np =1.03E-05 MCi
Pu-239 - 1.67E-03 MCi
Pu-240 = 4.14E-04 MCi
Pu-241=1.48E-03 MCi
total TFtU =1.22E-02 MCi
Total MCi = 2.43 MCi

The inventory used in the EIS for the LAW under the Phased Implementation
alternative was:
Cs and Ba -0.493 MCi
SrandY=1.07MCi
Tc = 3.2E-04 MCi
Am = 1.04 E-03 MCi
Np = 1.03E-06 MCi
Pu-239 = 2.64E-04 MCi
Pu-240 = 6.69E-05 MCi
Pu-241= 7.49E-04 MCi
total TRU = 2.12E-03 MCi
Total MCi =1.76 MCi

^"" Please give me a call at 736-0616 when you get a chance to discuss.



Thanks Colin Henderson
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June 24, 1996

Jim Goodwin

Modified Phased Implementation Alternative

%i-'

Objective: Estimate the operation and construction requirements for the subject alternative for both Rad
and Non Rad workers. The data is to be used in transportation (employee commute) and risk analysis.

Description of the Alternative: This alternative will include a demonstration phase and a production
phase. Each phase will have duplicate, functionally equivalent facilities operated by separate contractors.
The functional duplicates may use different processes or simply be different designs of the same process.
The Modified Phased Alternative can be used on any of the ex situ alternatives, but this analysis will be
based on the duplicate facilities using the improved Ex Situ Intermediate Separations alternative.

The Phased Implementation alternative includes additional separations processes to remove about a third
more HLW from the waste stream before the LAW is vitrified.

The first phase will include two, 20 ton per day (each) LAW demonstration plants and one, I tpd HLW
demonstration plant. The HLW plant will be operated by one of the LAW operating contractors. Feed
material for this phase will come from the DSTs and selected SSTs. The product will be stabilized LAW
which will be temporarily stored on site until it can be permanently stored onsite under phase 2 and
vitrified HLW which will be temporarily stored on site until they can be transferred to a geologic
repository. The phase I plants will be shut down when phase 2 starts.

The second phase will include two, 100 tpd LAW facilities and one, 10 tpd HLW facility
which will be operated by one of the two LAW operating contractors. The feedstock will be from the tank
farm, the LAW product will be permanently stored in buried vaults onsite and the HLW will be temporarily
stored onsite until a geologic repository is ready to receive it.

In summary, the difference between this Revised Phased Implementation Alternative and the base case, the
DEIS Phased Implementation Alternative, follows:

1.0 Phase I is unchanged except that the demonstration plants will be shut down when Phase 2
operation starts.

2.0 Although the schedule changes for Phase 2; the man-hours for Continued Operations,
Retrieval, Transfer, Closure and Post Closure remain unchanged because the tanks and
waste processed remains unchanged.

3.0 Two 100 tpd plants replace one 200 tpd plants. However, only one of the plants has an
associated HLW process.

Approach: The manpower requirements will be scaled from the Phased Implementation Staffing
Estimate, the base case for this exercise.

There are two types of scale down, one relating to the number of items of equipment and one relating to the
size of the equipment required. Fewer items of equipment will have a direct effect on both construction
and operation manpower. Smaller equipment will have a more subtle effect. Smaller equipment may be
slightly easier to install and operate, but the number of foundations, the number of electrical connections,
the piping installations etc. will not change. As a result the construction man-hours will not be
significantly reduced. Similarly, smaller equipment will take as much attention from an operator as larger
equipment so the number of operators will not significantly change.

Phase I Discussion:
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Waste Retrieval and Transfer No change from base case.

Routine Operations. No change to annual staffing levels from base case, routine operations extended out to
2030 or 2 years beyond completion of HLW vitrification.

Separations and Vitrification. The man-hours from the year 2012 through 2021 were removed from the
spreadsheet to represent the shutdown for both demonstration plants with the start of phase 2. The
spreadsheet totaled the remaining hours.

Construction. No change from base case.

Closure and Post Closure. No change from base case.

Phase 2 Discussion:

Waste Retrieval and Transfer No change from base case

Routine Operations. No change from base case.

Senarations yitrittcation Disposal and Storage For the reasons discussed above under the subject of
scale-down, the manpower for both operations and construction are reduced to 80% of the base case. This
is the only change made for the facility that includes the HLW. Operational manpower for the other
facility is reduced further to 63% of the previously reduced figure. The reduction was derived from Table
9-2 in the TPA data package reflecting the ratio of non HLW workers to the total work force. Similarly,
construction man-hours are reduced to 60% according to Table 9-8.

Rad vs. Non-Rad Workers. The number of Rad and Non-Rad workers was developed from the total
workers using Table 9-3 in the TPA Eng-ineering Data'Package which indicates that 87% of the operational
workers are Rad workers. Retrieval and transfer staff is 60% rad workers. Treatment plant construction is
non rad work. Continued operations is 80% rad workers. Facility construction workers are all classed
Non-Rad.
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MODIFlED iHASED IMPLEMENTATION STAFFlNG ESTIMATE

. 1n

l.L

._____.. _ SfAPP.._
IIOURS

SI'APFIIpURS__._-
RAU NON-RAD

S'fAPP

YEARS

1995 1996 1997 1998 1999 2000 2001 20D2 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

PHASE 1
CONTINIIIiI)OPERATIONS 14129 981 958 960 943 1040 1038 1035 1029 1016 955 933 826 819 804 792
SIANiAliQClS +il_wL^^ynw ___ _ _ __
U ISIGN AND IiN(1 CONS'C 1.8]I?+W 937 72 180 393 265 27
CONSf R11Cf ION CONST. 1.02E+07 1.02E+07 5102 340 1020 1360 1360 680
SIIPIiRVISORY CONST. 1.04E+W 1.04E+W 518 34 102 U6 136 68

f;X I:MI'T OPS. ____ _
NAU __ _ __ 01'S. LOIIi+W LOlli+l)6 50] 30 30 30 30 41 43 43

_
- 43
_

43 43 43
NUNNAD 01'S. 8.52E+05 8.52E+05 426 30 30 30 30 34 34 34 34 34
NONIiXF:MPT OPS.
RAD OPS. 1.56E+W 1.56E+W ]80 60 60 60 60 60 60 60 60 60
NONRAD OPS. 1.66E+W 1.66E+W 832 64 64 64 64 64 64 64 64 64
BARGAINING UNIT OPS.
RAI) OPS. I.33E+W I.33E+W 667 43 43 43 43 55 55 55 55 55

tNONRAD OPS. 1.33E+W 1.33E+W 66] 43 43 43 43 55 55 55 55 55 55 55

$EPARATIONS + LAW

DESIGN AND ENO. CONST. 1.35E+06 1.35E+06 674 55 157 242 199 21
CONSTRUCTION CONST. 7.94E+W 7.94E+06 3970 259 778 1037 1037 519
SUPERVISORY CONST. 8.78E+05 8.]8E+05 439 29 85 113 114 56

EXEMPT OPS.

RAD OPS. 7.46E+05 7.46E+05 373 28 28 29 29 29 29 29 29 29
NONRAD OPS. 7.80E+05 7.80E+05 390 30 30 30 30 30 30 30 30 30
NONEXEAIPT OPS.

T

RAD OPS. 1.56E+W 1.56E+W 780 60 60 60 60 60 60 60 60 60
NONRAD OPS. 1.66E+W 1.66E+W 832 64 64 64 64 64 64 64 64 64
BARGAINING UNIT 0P5.

RAI) OPS. 1.09C+W 1.09F,+W 546 42 42 42 42 42 42 42 42 42
NONRAD OPS. 1.09E+W 1.09C+W 546 42 42 42 42 42 42 42 42 42 42 42

lllOTOTAI.PIIASI;1 3.80f';+0] ].3113+06 2.88E+0] 33115 1770 3280 4241 4054 2411 1574 1571 1565 1552 1533 1511 1404 139] 1182 13]0 578

PHASE 2
Cominucd Operaiimms 2.02E+07 1.62E+07 3.96E+06 10078 762 753

Ncuiceal and Trans(cr

RnrievxlandTransfcr(60ar ad)

CONST

OPR

1.80E+0]

5.41E+07

1.56E+W

3.25E+07

2.33E+06

2.16E+07

8915.15

27055.5 r
13] 539 607 6]5

272

743

544

675

1071

6]5

I607

675

1874

541

1874

514

1874
Rcvi,al and Transfcr ( 60 % rad) D&D 8.19E+06 4.92E+06 3.28E+06 4096.15

Treauncm ( similar to Ea Sim/ In Situ Comb) including HLtv process componenl

CONST 2.70E+0] 2.]0E+07 13515.00 1 799 1598 2380 2380 2380 2380 1598
O PR 2.54E+07 2.210+0] 3.30E+W 12676.90 272 536 811
D&U 3.34E+W 2.901?+W 4.J4E+05 166].70
M&Af 1.93E+05 1.6]E+05 2.50F.+04 96.05

2

Tremmenl (similar to lix Sim/I n Situ Comb) withom HLW proccss compmNnl

CONST 1.62E+0] 1.62E+0] 8109.00 1428 1428 1428 1428 959
OPR

D&D ^

I.33E+0]

^^3.34E+W

I.ISE+O]

2.901:.+06

L]JF.+W

4.34E+05

6636.99

66770
_ 171 337 5I1

82I/96
nlNSiAF.NL[IN^ I + rNe 3



MODIFIED PHASED IMPLEMENTATION STAFFING ESTIMATE
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Rev 2, June 25

MANPOWER CALCS

June 12, 1996
Jim Goodwin

Task 1.4h

Ex Situ/In Situ Combination 2

Objective: Estimate the operation and construction manpower requirements for the Ex Situ/In Situ
Combination 2 alternative The data is to be used in transportation (employee commute) and risk analysis.

Description of Alternative: The contents from 25 tanks containing the greatest amount of HLW will be
pumped to a scaled down Intermediate Separations facility (ISA). As in the ISA facility the LLW cullet
will be permanently disposed of on site in vaults and the HLW will be temporarily stored on site until it can
be shipped to the repository for permanent disposal. The remaining tanks will have the liquids removed by
evaporation as described in the Fill and Cap Alternative. The empty tanks will be filled with gravel, then
the tanks and the LLW vaults will be capped as described in the Closure Engineering Data Package. The
processing facility will be entombed in place.

Approach: The manpower requirements will be scaled from the Intermediate Separations Alternative, the
Waste Recovery and Transfer Engineering Data Package, the In Situ Treatment and Disposal Engineering
Data Package and the Closure Engineering Data Package.

There are two types of scale down, one relating to the number of items of equipment and one relating to the
size of the equipment required. Fewer items of equipment will have a direct effect on both construction
and operation manpower. Smaller equipment will have a more subtle effect. Smaller equipment may be
slightly easier to install and operate, but the number of foundations, the number of electrical connections,
the piping installations etc. will not change. As a result the construction man-hours will not be
significantly reduced. Similarly, smaller equipment will take as much attention from an operator as larger
equipment so the number of operators will not significantly change.

The Bargaining Unit employees is included with the Non-exempt employees.

The data is presented in overall hours for the life of the project. Peak hours and the peak year are estimated
for the waste treatment using the TPA staffing chart, page 10-2 and 10-3, in the TPA Engineering Data
Package

Manpower for the 14 year construction period peaks in the year 2001 at 5.6E+06 man-hours. The average
is 4.OE+06 man-hours per year and the peak is 1.4 times the average.

Manpower for the 35 year operating period has a broad peak from the year 2008 to the year 2019. The
average is 8.3E+05 man-hours per year.

Discussion:

Waste Retrieval . Since fewer tanks are being evacuated under the Combo-Low Alternative, fewer sluicers,
pumps and arms are needed. The physical dimensions of the equipment will not change because their size
generally relates to the tank size, but hydraulically they will be smaller. The pumping rate from the tanks
will be lower in order to recover the smaller amount of waste on a schedule approximating the ISA time
frames.

The appropriate scale down for construction manpower is the ratio of tanks to be evacuation in the Combo-
Low Alternative to the ISA.. The construction man-hours for waste recoverv will be 177 tanks/25 tanks or
14% of the hours required to evacuate 177 tanks
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The appropriate scale down for operation manpower is the ratio of the waste volume to be removed in the
Combo-Low Alternative to the ISA. The operatins man-hours for waste recovery will be 30% of the
hours required to evacuate 177 tanks

Waste Transfer. The transfer operation will scaled down from the ISA. All of the equipment and facilities
used in the ISA will be present but will be smaller. Pipe diameters will be smaller in order to maintain the
velocities needed to keep the slurries in suspension. While waste transfer will continue for the entire
operational period.

The appropriate scale down for both construction and operation manpower is the ratio of the volume to be
removed in the Combo-Low Alternative to the ISA. The construction and oepratins man-hours for waste
transfer will be 30% of the hours required to evacuate 177 tanks

Tank Stabilization. The tanks which are not pumped to the processing facility will have as much of the
liquids as possible evaporated and the tank freeboard filled with basalt gravel. Tanks which have been
pumped will also be back filled with basalt gravel. We have assumed that the mobilization and
demobilization operations to gravel fill each tank will tend to equalize the time required to fill each tank
regardless of whether it is empty or partly empty. Since the Combo-Low Alternative needs a Hanford
Barrier for 177 tanks and the LLW vaults as does the ISA the man-hour factor for scalin2 is 1 . 0 .

The first stage of tank stabilization for the 152 unprocessed tanks is to evaporate the liquids with the 242A
Evaporator. The procedure is described in the Drying and Gravel Fill section of the In Situ Treatment and
Disposal Engineering Data Package. Only the hours for start-up, operation and D&D for the 242A
Evaporator are used. The scale down factor is 177 tanks/I52 tanks or 86%.

tmuine Uoerati

Continuing Operations is the Maintenance and Monitoring (M&M) effort in the tank farms prior to
closure. Initially, all of the tank farms will be maintained and monitored as they are now. As the tanks are
stabilized the M&M responsibility, and probably the staff, will pass to the post closure M&M budget.

Under the TPA alternative tank closures were scheduled from the year 2010 through 2027. Under the Ex
Situ/In Situ Alternative 2 closing the tanks can start in 2005 (tank fill operations 2000-2009; evaporation
2000-2005; tank fill 2005-2009) instead of 2010. Under this schedule the tanks to be stabilized In Situ can
be complete in the year 2009. The last 25 tanks will be stabilized in the years 2024 and 2025. Assuming a
steady hand-off of closed tanks to the post closure M&M group the continuing operation staff will be
reduced to a steady staffing level of 200 in 9 years. Another 2 years will be required for transition of the
last tanks that would be treated in situ. Continuing operations staffing would start out in 1997 at a level
equal to the Intermediate Separations alternative, between the years 2005 -2009 staffing levels would
undergo a linear reduction from current levels to a flat staffing level of 200. The 200 staff/yr level would
be maintained through the stabilization of the 25 tanks that were emptied (2025). Continuing operations
would then be equal to 8,000 staff yrs (ISA levels for 1997-2005) +3,600 staff yrs (=200 staff x 6 yrs + 800
staff x 6 yrs x 1/2) + 200 staff x 14 yrs = 14,400 staff yrs (28.8E6 staff-hours)

Processine. A number of manpower groups are included under this heading in addition to the manpower to
run the processes. Included are Start-up, Maintenance, LLW vault construction, Administration and all
other support, D&D, and M&M.

The processes will be a scaled down ISA process. All of the process operations will be performed in
similar, but smaller, equipment. Processing includes pretreatment, LLW processing, HLW processing,
LLW vaults and HLW temporary storage. LLW vitrification will be revised from two process trains to a
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single train and fewer, slightly smaller, equipment items will be required. Waste storage and disposal will
use full sized vaults, canisters, overpacks, etc., but fewer will be required as well.

While staff reductions can be made in some areas such as LLW vitrification operations or LLW vault
construction, most of the staff is only slightly affected by the smaller waste throughput. Our subjective
opinion is that construction manpower and operational manpower will be reduced to 80 percent of the ISA.

Closure. The operating man-hours include the man-hours required for closure of the process plants, which
will be entombed in place. These man-hours are included in the Fill and Cap and the processing man-
hours.

Transportation. Man-hours to transport the casks to the final HLW disposal site and to transport fluxes and
heavy chemicals used in the process are not included in these estimates.

Peak employment level . Combination 2 Peak labor year would be during construction - 2001.

Construction breakdown: WR&T 1,440 staff years (schedule 1998-2016), Separations +LAW vitrification

= 2.4e7 x 0.8 (scaling) = I.92E+07. HLW vitrification = 1.6E+07 (Int Sep) x 0.80 (scaling) = 1.28E+07.

Since hours were scaled from Intermediate Separations use same construction schedule to maintain

comparability.

WR&T = 1,440 staff-year/18 yr =80 staff/yr
Separations +LAW Immobilization = 1.92E+07/2000/10 yrs = 960 staff/year
HLW vitrification = I.28E+07/2000/10 = 640

Peak year = 2 x WR&T + 1.4 x Separations+LAW+HLW
=2x80+1.4x(960+640) = 2144 or -2200 staff/yr

Assumptions:

1.0 Only 25 of the 177 tanks will be recovered for ex-situ processing.

2.0 The transfer operation will be scaled down to reflect that only 30 percent of the total wastes will be
transferred to the treatment facility. While 14 percent of the tanks will have the wastes removed, these
tanks generally contain more wastes than the average.

3.0 The HLW facility will be scaled down from 20 tpd product, the ISA, to 5 tpd.

4.0 The LLW facility will be scaled down from 200 tpd product, the ISA to 70 tpd

5.0 The construction and production schedules will not change from the ISA.

6.0 The construction outside of the tank farm areas is assumed to be non-rad.
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MANH

MANHOURS
OUR REQUIRMENTS FOR . :. .

COMBO-IOW MANHOURS
(See Ref.) Factor REFERENCES

WASTE RETRIEVAL

Construction, Rad Worker 2.20E+06 0.14 3.08E+05 Transition Table
Construction, Non Rad Worker 1.84E+07 0.14 2.58E+06 Transition Table
Operation, Rad Worker 2.33E+07 0.30 7.OOE+06 Transition Table
Operation, Non Rad Worker 1.16E+07 0.30 3.49E+06 Transition Table

WASTE TRANSFER

Construction, Rad Worker 0.00E+00 0.30 O.00E+00 Transition Table
Construction, Non Rad Worker O.00E+00 3.00 O.00E+00 Transition Table
Operation, Rad Worker 1.43E+07 0.30 4.30E+06 Transition Table
Operation, Non Rad Worker 1.17E+07 0.30 3.52E+06 Transition Table

TANK STABILIZATION

Construction, Rad Worker 6.75E+05 1.00 6.75E+05 Transition Table
Construction, Non Rad Worker 4.72E+05 1.00 4.72E+05 Transition Table
Operation, Red Worker 9.73E+05 0.86 8.37E+05 Transition Table
Operation, Non Rad Worker 2.77E+05 0.86 2.38E+05 Transition Table

ROUTINE OPERATIONS

Construction, Red Worker

Construction, Non Rad Worker

Operation, Rad Worker 2.30E+07 See discussion
Operation, Non Rad Worker 5.76E+06

INTERMEDIATE SEPARATIONS

Construction, Rad Worker 0.80 O.OOE+00

Construction, Non Rad Worker 4.00E+07 0.80 3.20E+07 Table 9-8, TPA Data Package
Operation, Rad Worker 2.68E+07 0.80 2.15E+07 Table F-8, TPa Data Package
Operation, Non Rad Worker 2.27E+06 0.80 1.82E+06 Table F-8, TPa Data Package
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TRANSITION TABLES FOR COMBO-LOW ALTERNATIVE

I
' MAN-HOURS

EXEMPT NON-EXEMPT BARGAINING UNIT TOTAL

UNIT OPERATION RAD WKE NON-RAD RAD WKE NON-RAD RAD WKE NON-RAD RAD WKE NON-RAD

•• •

STABALIZE TANKS

(Note 4) (Note 4)

Evaporation, Start-up 430,000 820,000

Evaporator, Operation 530,000 540,000

Evaporator, D&D 430,000 820,000

Evaporator, Total

See Note 3

Rad/Non Rad factor 49% 51% 93% 7%

Revised Evap Total 210,700 219,300 762,600 57,400 973,300 276,700

CONSTRUCTION

STABALIZE TANKS

GRAVEL FILL (Note 1) 36,000 177,000 65,000 29,000 101,000 206,000

HANFORD BARRIER

CAP (Note 2) 86,000 266,000 488,000 0 574,000 266,000

TOTAL FILL AND CAP 1,722,700 662,301 3,495,601 86,400 0 0 1,648,300 748,700

Note 1: Table 5-2A, Closure Technical Data Package.

Note 2: Table 5-2D, Closure Technical Data Package

Note 3: Ratio of Rad workers to Non Rad workers maintained per table 7-3 in In Situ Engineering Data Package.

Note 4: Hours from table 7-2 in In Situ Disposal Technical Data Package

f/c_tran Page 1
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TRANSITION TABLES FOR COMBO-LOW ALTERNATIVE

MAN-HOURS

EXEMPT NON-EXEMPT BARGAINING UNIT TOTAL

UNIT OPERATION RAD WKE NON-RAD RAD IMKE NON-RAD RAD WKE NON-RAD RAD W'KE NON-RAD

Reference: Note 1 A-16 A-20 A-14 A-18

• ' •

WASTE RETRIEVAL

SST
Retrieval, Arm-base 867,479 1,518,089 10,754,770 374,593

Retrieval, sluicing 889,166 1,713,271 2,559,064 1,062,662

Confinement, Arm-base 552,032 1,734,958 4,928,859 3,864,226

DST

Retrieval, Arm-base 572,832 660,960 1,674,432 264,384

Retrieval, sluicing 77,427 149,188 222,838 92,534

MUST

Retrieval, sluicing 60,221 116,035 173,318 71,971

Sub-Total Retrieval 3,019,157 5,892,501 20,313,281 5,730,370 23,332,438 11,622,871

^

WASTE TRANSFER

SST

Pipeline Transfer 1,821,312 5,346,432 8,783,424 3,378,240

DST

Pipeline Transfer 546,394 1,603,930 2,635,027 1,013,472

MUST

Container Transfer 177,504 207,101 371,606 174,787

Sub-Total Transfer 2,545,210 7,157,463 11,790,057 4,566,499 14,335,267 11,723,962

• •

WASTE RETRIEVAL

WASTE TRANSFER

Reference: Note 2 Table 8 Table S Table 8 Table 8

Sub-Total Construction 1,700,000 5,200,000 500,000 13,200,000 2,200,000 18,400,000

Note 1: Reference to page number in Waste Recovery and Transfer Engineering Data Package.

Does not include subsurface barriers.

Note 2: Reference to table in JEG Nov. 1994 report revising WR&T report to remove the subsurface barrier.

r/t tran Page 1
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Table 9-2. Unit Process: Operating. Personnel Requirements (Staff-Hours)t.
.. ......:.....:.:H:...::. ..^:. .:.^.::: ..H^. :. ^Q^: ^`^m

^SOQeS
' .... R ' '

^teTkBi!'Y
. •, . SAPwvfiNQ£nM. . . :. . 0. O w.. R dXa.cS:^^#'ta YRe:leh^'L3C/L32^i^i:1

Sludge wash 2.3E+6

Cesium removal 5.0E+6

Other radionuclide removal n/a

Low-level waste vitrification 1.1E+7

Low-level waste disposal 2.8E+5

High-level waste vitrification 1.1E+7

High-level waste transportation/disposal 6.2E+5

Total 3.1E+7

Notes:

'Includes staffing for start-up, decontamination and decommissioning, and monitoring and
maintenance.

> 7Bcf0 ^-

^-t7
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Lzt, _
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Table 9-3. Operating Personnel Requirements (Staff-Hours)'.
iC`wo.nA. Q.W[QkS¢6w

' %`2 .'a^^l.. ^

^§ ^ed^
mEew.S3v^^^1"P.1.2Q2eY^A.. .n.

Nonexempt
Radiation worker 0
Nonradiation worker 3.8E+6

Exempt
Radiation worker 2.7E+7
Nonradiation worker 0

Total Staff Hours 3.1E+7

Notes:

'All exempt and bargaining unit employees are assumed to be radiation workers. All
nonexempt employees are nonradiation workers.

=lncludes staffing for start-up, decontamination and decommissioning, and monitoring and
maintenance.
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^^I

Table 9-8. Unit Process: Construction Personnel Requirements. (Staff-Hours)'

Sludge washt-2
us

^.etllet^
A.^NtX?^b.^^"«.^^4."^^

^^V

4.4E+5

Cesium removalt-' 4.OE+6

Centralized facilities 6.OE+6

Low-level waste vitrification' 1.3E+7

Low-level waste disposal 0

High-level waste vitrification 1.6E+7

High-level waste transportation 0

High-level waste disposal 0

Total 4.OE+7

Notes:

'Backup in Appendix F contains staff hours for pretreatment/low-level waste (LLW) combined. To
separate sludge wash and cesium removal from LLW vitrification other cost estimates were employed.
Cost estimates were found for a detached pretreatment facility and a detached LLW facility (these are
contained in Appendix F). The staff hours for each were taken and added together. This total was then
divided into each staff hour value separately. The calculation was as follows:

Detached Separations - Total staff hours = 1,463,389
Detached LLW - Total staff hours = 4,704,549

Total = 6,167,938

% separations = 1,463,389/6,167,938 = 0.237 => Value used is 25 %
Therefore 9o LLW = 7590

$ngineering judgement set the sludge wash staff hours equal to 109a of the total staff hours for
separations (see number 2 above).

'fingineering judgement set the cesium removal staff hours equal to 909 of the total staff hours for
separations (see number 2 above).

'7
/aEZ,°

9-15



WHC-SD-WM-EV-104 Rev. 0
2'1v

Table 9-9. Construction Personnel Requirements. (Staff-Hours)

. ^'•: L
ac Av nN ^k ^. . .F^ .̂' (̂ ; o A^ :x 4^9Pah`^$S.+ ^'a ^^̂a{{:...°^:`•+^^'^^^q¢̂,

1.w^^.WL^3^Ya'a+.'d3RY.`q

Design and engineering 1.0E+7

Construction'
Radiation worker
Nonradiation worker

0
2.4E+7

Supervisory2 5.6E+6

Total 4.OE+7

Notes:

'Staff hours equal to swmm^tion of staff hours calculated for equipment/facility
installation and subcontract in backup. All construction staff hours are assumed to be
for nonradiation work.

=Staff hours equal to summation of staff hours calculated for construction and
project management.

9-16
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10.0 RATE DATE

The calculation of the peak and average for the data given in the data tables (Section 9.0) is
outlined in this section.

10.1 YEAR-BY-YEAR DATA

Figures 10-1 through 10-3 give year-by-year data for construction, staffing, and total
processing cost respectively. Table 10-1 lists the figures to which the data in the data tables
correspond.

Table 10-1. Table/Figure Key.
M

10-1 Tri-Party Agreement Chart for 9-2 9-3 9-19[staff only]
Construction

10-2 Tri-Party Agreement Chart for 9-8 9-9 9-10 9-11 9-12 9-13 9-18
Staffing

10-3 Tri-Party Agreement Processing 9-16 9-17
Cost

For the construction and staffing figures, the totals from the appropriate data tables can be
multiplied by the percentage that corresponds to the year in question. Percentages were
given so that the figures could be used for more than one data table (the use of absolute
numbers would require each table to have its own figure). For the total processing cost
figure, the absolute value can be read directly from the chart.

10.2 YEARLY AVERAGE/PEAK

As shown in the previous section, the data in many of the charts could easily be shown on a
year-by-year basis. Unfortunately not all of the information in all of the data tables could be
displayed this way. Therefore, to estimate the yearly average and peak, the following
method, should be followed.

Yearly Averaee

Divide the value from the table by 19 (the total processing time). This gives the average
value over the entire processing lifetime. If it is known that a data table value corresponds
to only one of the processing facilities (Pretreatment/LLW or HLW) then the value should be
divided by 14 (the processing time for each plant separately). Care should be taken to
ensure that this value is used only during the operational lifetime of the appropriate facility.

10-1



Tri-Party Agreement Chart for Construction
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Tri-Party Agreement Chart for Staffing
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Tri-Party Agreement Processing Cost
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3-1
TWRS EIS Staffing Level Changes

General- Between the Draft and Final EIS the construction and operating schedules for the
alternatives have been revised to account for more realistic start dates and for operating
schedule changes driven by waste loading and blending changes. The HLW transportation
schedules were revised based on the revised number of HMPCs that would be produced under
each of the ex situ alternatives. These changes resulted in revising the construction and
operating durations by one or two years. Shorter construction durations would result in
increased peaks and approximately the same number of staff years. Shorter operating
durations tend to result in approximately the same staffing levels during operations and fewer
cumulative staff-years. This would have a small impact on the annual and total staffing
estimates. However, revised staffing data was not developed for the FEIS because the changes
that would result are small (10% or less). For example using the Ex Situ Intermediate

Separations alternative: Construction durations did not change and were shifted two years to
the right. A two year shift to the right for construction would result in a peak of - 4600 if the
operating schedule were held fixed. This is somewhat unrealistic because the operating staff
ramp-up would have to also shift to the right. The shorter operating durations could
potentially reduce the cumulative operating staff requirements by 6400 staff-yrs. This
translates into approximately 6% of the total staffing requirement for the Ex Situ Intermediate
Separations alternative. ( 5ee /a-{} 6raPl, of ^,NP4ez,.) 05 /7,n,, rn ;U

IIJ^2rp`QQ/IN
G+ ^^+^,

Revised start time for all alternatives to 1997.

No Action
No change from previous numbers.

Long Term Management
No change from previous numbers.

In Situ Fill and Cap
During the PDEIS review process the radiofrequency drying of the tank liquids was removed
from this alternative. The result would be fewer operating personnel and a shorter duration of
operation. The duration of operations is now 2000 to 2009. The original schedule went out to
2018. Removal of the radiofrequency drying would reduce the operating personnel
requirements by 93 staff/year for 9 years.

In Situ Vitrification
The construction start date was revised from 1997 to 1998 while the end date was held
constant. The old construction duration was 1998-2016 and the new 1999-2016. The same
number of hours would now be spread over 17 years instead of 18. Operating period was not
changed.

Ex Situ Intermediate Separations

H:\USERS\CHENDERS\STAFFING\STAFFNOT.WPD



3-2

The construction start date for the waste treatment facilities was revised from 1997 to 1999.

The construction duration was not changed. The-waste retrieval and transfer operating

schedule was revised from 23 years to 21 years (2001-2022). Waste retrieval staffing levels

would need to increase slightly to account for the increased level of effort required for the

shorter duration. The waste treatment operations were revised downward; LAW vitrification

was 20 years (2004-2024) and is now 17 years (2005-2022), HLW vitrification was 13 yrs

(2011-2024) and is now 11 years (2011-2022). Staffing levels at the treatment facilities would

not be appreciably affected by the shorter operating duration. A shorter operating duration at

the treatment plants would translate into reductions in the number of staff-years required for

waste treatment.

Ex Situ No Separations (vitrification)
The changes to the No Separations alternative would be similar to those for the Intermediate

Separations alternative. Construction activities now start in 1998 for waste retrieval and 1999

for treatment compared to 1996 as shown in Appendix H. Construction duration remains the

same for waste retrieval and increases from 5 to 6 years for the treatment facilities. Waste

retrieval and waste treatment operations are both shortened in duration by one year.

Ex Situ No Separations (calcination)
Same as vitrification.

Ex Situ Extensive Separations
Construction for waste retrieval remains the same. Construction start for waste treatment was

moved from 1997 to 1999, the construction duration for waste treatment was increased from 9

years to 12 years which should reduce the peak employment level. The operating duration for

waste treatment was revised from 20 years to 19 years.

Ex Situ/In Situ Combination 1
Most of the construction and operating durations were shortened by 1 to 2 years, refer to

schedule for detail. Revised the start date for construction to 1998 for retrieval and 1999 for

treatment facilities. The staffing estimate for this alternative was revised to be consistent with

the estimate developed for the Ex Situ/In Situ Combination 2 alternative ( annual breakdown

attached). The following changes were made (percentages used to scale from Ex Situ

Intermediate Separations): Waste retrieval =70 tanks/177 tanks = 40% ; Waste transfer =

50% (volume based); for WR&T combined used 50%; for waste treatment construction and

operation required staffing level = 80% of the Ex Situ Intermediate Separations. The revised

staffing estimate was essentially the same as the previous version (48,117 staff-yrs before

versus 49,461 staff-yrs revised estimate for a difference of 3%).

Ex Situ/In Situ Combination 2
All new!

Phased Implementation

H:\USERS\CHENDERS\STAFFING\STAFFNOT.WPD



3^3
construction duration shortened from 5 years to 4

years requiring higher staffing to compensate. The operating duration for the HLW
demonstration plant for Phase 1 has been revised from 10 years to 6 years. Phase 2
construction remains the same for waste retrieval and has been revised from 7 years to 6 years
for the Phase 2 treatment facilities. The Phase 2 operating durations are shorter by one year
for both retrieval and treatment.

Start dates revised for construction, Phase

The original Phase 2 work we did was based on Phase 2 plant sizes of one 100 mt/day facility
for LAW and one 10 mt/day facility for HLW. The waste loading and blending changes that
took place in the Jan 96 time frame required the Phase 2 plants to increase to 185 mt/day for
LAW and -20 mt/day for HLW. Revisions to the blending factor for the FEIS result in plant
sizes of one 10 mt/day HLW facility and two 100 mt/day LAW facilities.

H:\USERS\CHENDERS\STAFFING\STAFFNOT. WPD
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TOTAL I 5 RIg al

EQUW I

ALTERNATE DATASHEET MAN'YEAR ^ 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
..._........ ......_._ ._.__ ...._ _.... _._ .^ ...._ _ ___ __ __

EX SITU/IN SITU COMBINATION

FILL & CAP

CLOSURE 61% 89.06 89.06 86.01 84.79 82.96 81.74 82.96 81.84 66.49 66.49 64.66 63.44 61.61 59.78 59.78

ROUPINEOPS 60% 568.8 576 588.6 574.8 576 565.8 62< 622.8 621 617.4 605.6 773 759.8 495.6 551.4 482.4 475.2 457.2 451.8 448.8

MAX RET

CONST 0.61 515 908 1501 1638 2227 2092 1896 1606 1515 943 671 562 454 345 315 315 315 250 204

OPR 58% 0 88.74 88.74 88.74 363.4 553.9 730.8 730.8 819.54 819.54 730.8 730.8 1673.3 1861.8 1861.8 1861.8 1861.8 1861.8
ROUTINEOPS 40% 379.2 384 392.4 383.2 384 377.2 416 415.2 414 411.6 406.4 382 373.2 330.4 329.6 311.6 316.8 304.8 701.2 299.2

CLOSE 59% 1.17 2.36 5.9 1 6.491 10.03

TOTAL 7.23E+04 948 1414.84 1888.68 2547.34 2687.2 334].3 1586.76 3573.]9 3456.11 3338 2860.34 2528.5 2314.06 2097.13 2964.05 3046.99 3034.36 3006.07 2931.17 2883.35

3 7:
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staffing data

-4̂ kA

V • W

TOTAL ^

EQUIV ^

ALTERNATE DATASHEET MAN•YEAR 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013
.._......... '_'__.
EX SRU/IN S ITU COMBINATION I

FILL & CAP

CLOSURE 61% 89.06 89.06 86.01 84.79 82.96 81.74 82.96 87.84 66.49 66.49 64.66 63.44 61.61 59.78
^ ROUTINE OPS 60% 588.6 574.8 576 565.8 624 622.8 621 617.4 609.6 573 559.8 495.6 551.4 482.4 475.2 457.2 451.8

MAX REfveatmen[ ar&1

CONST BOR 40% 338 595 1817 1907 2648 2442 2154 1803 1685 934 638 507 377 246 206 206 206 161
OPR 80% 50% 0 122.4 122.4 122.4 406.5 569 813 813 933.4 935.4 813 813 1625.5 1]88 1]88 1766 1788
ROUTINE 095 40% 392.4 383.2 384 377.2 416 415.2 414 411.6 406.4 382 373.2 330.4 327.6 321.6 316.8 303.8 301.2
CLOSE 59% 1.77 2.36 5.9 6.49

TOTAL 7.17E+04 0 337.6 1576.2 2897.2 2989.6 3802.46 3977.16 3806.61 3]35.99 3609.]6 2967.54 2610.96 2341.00 2062.29 2817.39 2864.83 2852.2 2823.91 2771.27

STAFFING.702s1aRng data Page 1 7/4/96
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Table G3.1.7 Emission Rates for the Ex Situ Intermediate Separations Alternative - Construction Pha^"
5

Pollutant Source Emission Rate ( sec)

Criteria Pollutants

Sulfur Oxides TF5W 1.7711-03
TF6W 1.77E-03
TA1W 7.18E-03
TA2W 3.77E-02
TA3W 7.18E-03
TAIE 7.18E-03
TA2E 7.18E-03
PROC 2.13E-01

Carbon Monoxide TF5W 3.72E-02
TF6W 3.72H-02
TAIW 9.69E-02
TA2W 0.510
TA3W 9.69E-02
TAIE 9.69E-02
TA2E 9.69E-02
PROC 1.60E+02

Nitrogen Dioxide TF5W 1.46E-01
TF6W 1.46E-01
TAIW 3.15E-0I
TA2W 1.66
TA3W 3.15E-01
TAIE 3.15E-01
TA2E 3.ISE-01
PROC 1.6E+01

PM-10 TFSW 1.03E-02
TF6W 1.03E-02
TAIW 7.40E.02
TA2W 3.88E-01
TA3W 7.40E-02
TAIE 7.40E-02
TA2E 7.40E-02
PROC 6.67E+00
BTCH 3.17E+00

Hazardous Air Pollutants

Formaldehyde TF5W 3.61E-05
TF6W 3.61E-05
TAIW 9.33E-05
TA2W 4.89E-04
TA3W 9.33E-05
TAIE 9.33E-05
TA2E 9.33E-05
PROC 3.89E-03

Notes:
g/sec = Grams per second
Routine emissions from tank farms and evaporator would occur as shown in Table G.3.1.2
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Appendix _.,

Table G.3.1.8 Emlssion Rates for the Ex Situ Intermediate Seoarations Alternative - Oneration Phase

Pollutant Source Emission Rates ( sec)

Criteria Pollutants

Sulfur Oxides TF5W, TF6W 1.77E-03
ST-H 2.75E-02
ST-L 7.56E-01

Carbon Monoxide TF5W, TF6W 3.72E-02
ST-H 1.21E+00
ST-L 8.5E+00

Nitrogen Dioxide TF5W, TF6W 1.46E-01
ST-H 2.62E-02
ST-L 5.14E-01

PM-10 TF5W, TF6W 1.03E-02

Hazardous Air Pollutants

Formaldehyde TF5W, TF6W 3.61E-05
Arsenic Compounds ST-H 1.83E-09

ST-L 8.8E-10
Beryllium Compounds ST-H 4.67E-11

ST-L 6.3E-12
Cadmium Compounds ST-H 1.75E-08

ST-L 7.6E-09
Cobalt Compounds ST-H 1.96E-09

ST-L • 2.2E-10
Chromium Compounds ST-H 9.86E-08

STL 5.7E-07
Manganese Compounds ST-H 3.50E-07

S f L 6.5E-08
Lead Compounds ST-H 6.19E-08

ST-L 9.4E-09
Antimony Compounds ST-H 4.42E-09

ST-L 2.3E-10
Selenium Compounds $T-H 5.39E-09

ST-L 2.7E-09
Nickle Compounds ST-H 3.50E-04

ST-L 3.2E-09
Hydrogen Chloride ST-H 1.16E-02

ST-L 9.6E-03
Iodine ST-H 1.21E-05

ST-L 1.39E-03
Ammonia ST-H 0.000

ST-L L 12E-01
Silver Oxide ST-H 8.03E-10

ST-L 1.1E-10
Boric Oxide ST-H 5.3E-06

ST-L 3.0E-09

C^^
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Appendix G Air Modeling

I Cl^
Table G.3.1.8 Emission Rates for the Ex Situ Intermediate Se - tions Altetnative - O tion Phase (tont'd)

Pollutant Source Emission Rate lsec

Calcium Oxide ST-H 0
ST-L 9.6E-06

Ferric Oxide ST-H 2.12E-06
ST-L 4.0E-08

Magnesium Oxide ST-H 1.S8E-O8
ST-L 9.5E-06

Tellurium Trioxide ST-H 6.19E-10
ST-L 2.1E-11

Uranium Trioxide ST-H 2.81E-06
ST-L 2.9E-07

Vanadium Pentoxide ST-H 1.26E-10
ST-L 5.28-11

Zinc Oxide ST-H 333E-09
ST-L - 3.3E-09

Zirconium Oxide ST-H 1.36E-06
ST-L 5.7E-08

Fluoride • ST-H 2.71E•02
ST-L 2.24E-02

Nitric Acid ST-H 5.06E-03
ST-L 4.18E-03

Barium Oxide STH 4.17E-09
ST-L 1.0E-09

Notes:
g/sec = Grams per second
In addition, routine and retrieval emissions from tank farms and evaporator would occur as shown in Table G.3.1.3.
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V.. ._.. a._ . rt'•,..1• W2sLe1
1fV

Radionuclide

R VJJ.1J .v

Source

...•.r•.^.......^.^.^

Emissioa Rate

(C+(cr)

^-

Source

.^^^^ •

Emission Ra[e
(C'uyr)

Sourca
I

I

Em+ssioo Rate

I (Ci/.'r)

am-241 T'r?w ^ei08o.a0 Jrw aB=84-o•00 Tc4w• 1^83 ^•00

TF6w SE44'0.00

Cs-137 TFIE 3 4E OS^ ^o^ TFE
^•?3

2 tFAt G_ e TF3E
/ae

^2-e 9

Tf6E 2.7E-OS^ TF7E ^.7E-05 A6.-- TFSE
1•00

TF9£ °9E633 4O TFIOE 2.8E-08 TF2W *.^Sgti3.oo

TRW ^gFrg;^y° 1F5W 81E-08 WFSF 2.6£-06

1-129 TF6E 2.3E-OS TF78 2.3E-05 - -

e'u-_39 TF6zLi) ^ T^£ -'^-0Oeo TF10E 1^^ 1.5£-08

'IFIw 4raE-os o• o o 'IF.7w ? ss ea c• o a TFw 7-tE•e5o.00

TF4W -Y9E-03a•00 TESwU) •I'F'6W 3,4E9^a•oo

EVAp tEJ WFSF 2.4E-07 - -

Sr-90 TFIE (
^.GO

3RE 63g^eY TFZE
G•oo

^E 86E_d q Tr'= ^ 76^ a'^-_0

TF4E ? 5£ @5 2-1-0
^^oS TF5E 1?E-07 TF6£ 4.1E-06

TFJE 4.1£-06 TFBE 6^r 84F^0 7 Tr9 ^^^ro7

TFIO£ -- 1.6E-07 TF11E 6.6E-08 772W 2 pE 6q / t^

TFw 4.4E•e^°o.o-0 TPiW I-£E-03Eo^o YrSW'^

TF6W.L EVAP ^ 88E 95^ a. WES= saE O6

Ivoc:s: ;/ ,C}e-OJ
Ci/yr = Curie pcr year
- indicates no addiciomi soacas or emission rates.

.oE-vs'

(l) A[.pha aSS^.....+ .. F oc 2. 1 9

2. 64, 1 g. a53w..••d a.a- S,e qo
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Appendix G
aEr \4oddia;

/• ^ i ^n D..A:-...I:.L r...:.^e...n 4-».e f NM TMa.•7'^M2n2veme4L AifQL1r1"! PhaSG I

Radiaaueiide Source . EmrssioQ Rate

(Ci/yr)
Soute . Emmioe Rate

(c,fyr)
"Sonrce Emiwaa Rare

(cur)

Am-241 TFIW '.,-6"e-08-o-a-o IFIw •t:QE^ 0-0•0 TF4W 4:IE-83-0.00

TF6W 4:F,o3 0• o%;,

Cs 137 TFiE - 4,4£ 0526'o TF2E
z-33

?-iE-OA ^.o TF3E
i•oo

9 IE 09^-_a+J

TF6E 2 7E-05 TF7E 2 7E OS . TFSE ^ 4E 0?Z^ O

TF9E ' `^ 9E 09 3 •Aoo-ar TFIOE 2.5E-08 TnW Do

TF4W k:9E•09'g:^o ?FSW' 82E-08 TF6W ..

WESF 2.6E-06

1-129 TF6E 2.3E-05 WE - 2.3E-05 TF6W 6.9E-05

Pu-239 TF6£s'1 2.9E-09 TF7E(1) 2.9E•09 TFIOEUI ISE-08

TFIW 1:5p-ft a •ro MW 2.3E-84-0. 0 0 TF3W 44E-850•02).

TRW +.BE:03-o•00 ?FSWQ) 8.1E-09 TF6P1^^^ 34E'03-k'>E

EVAP^^1
-
op WESF 2.4E-07 - -

Sr-90 TFIE I ?4=0a1•oog WE 3pE06r,oo o .1.F;E

TF4E 2 ^oo TFSE 1.2E-07 ^ THE 4.1E 06

TF7E 4.IE-06 TFSE 4,3E-84 <4p TF9E 83E-04 E: f o

TF10E 1.6E-07 7F11E 6.6E-08 TF2W 3.4E 8f <a

773W 3:0EO2- 4.00 TF4W HE-03E- aG • TF5W(2) 3.1E-06

'i'F6w 3:^SM^- EVAPR) $:8E-03 ' WFSF 5.1E-06

Naas: I•ZE oS ^
Cih'r = Curie per year . ^ o ^,-' O^ • . ..- indicarct no addiciomi sources or cmission rates.

5A, 4

^' .

-Og
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Tahte G3_I?1 f2^diaendide F^i^ee Rates for the Tn.w-T..... Lf.^ Alternative Phase 2

Radionuclide Source £miaioa Rate

(ClIYT)

Source Emission Rate

(Ci/YC)

Satrce Emissioa Rate

(CII^T)

Cs-I37 PROC 3:6E8-s 536 R'ESF 2.6E-06 - -

I-I29 PROC .S:QE-0S - - - -

I
Pu-239 . PROC 1.4B•031^$ Et!AP I.4£ 04 wESF 2.4E-07

Sr-90 PROC 'S FE$3 EVAP 8.0E-05 WESF 5.IE-06

r««: 9,ZE^0^cun = cut;e per year
- indicuas no additional sources or emission tates.

' ^ * e5 !^E u'hr ,+ ..5 ' ^' e,t.r a Y . S `\\\`^^ •

4P- 4i < S ^

/^ssuma k}^ LTM Pro c-. - SvM of 4ko-

l̂ ^o^T^t1G ^^vt.^yy^.rey .
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Appendix G AuMadeling

T^AL lr I 1'» R,ai^t,dide F..•:.a.w+ Rues farthe In Situ Fill aad CaD Ahermrive

. Radionuclide Soa:ce'.: Emission Rate
(G^VL)

Source:. Emessiun Rate

(^'1IVi)

Source Emission Rate

(0I2w)

Am-241 TF1W fiSHft a o-a TF-72W 48684- o. o-o TF4W +^ 8ro,pD

T1=5W 14b-9rO.vO TF6W 3^E-0'r0•6-0 - -

Cs 17 TFIE 2.4E65L^o ff 772E 2'd'E'04^o TFE 9,S^Cto

„ . _ 2.7E-05 • •1I•7E 2.7E-05 TFSE 2:4E-05• ^
G o
-05

TF9E -24E-95f3'}- OO TFIOE ^8E-08. TF.W .44s.61,5•o0
E-o

TFW ^ S. No IFSw: }^ 83a••ti0 TF6W }•6E^vaYE-os
^._.._

WESf
:.

2.6E-06 : : - - -

I-129 TF6E 2.3E-05 - Tf7E 2.3E•05 ., TF5W r^E 05°^

TF6W 3.7E-05

Pa-239 •. Tl'6E^`I 2.9E-09 TF7EPJ 2.9E09 '- TFIOE 1.5E-08

rF1vr. 44Eos-°-0' rI•zw aaE444.•0-0 TF3w z.1.E-06 °'pO
_. ^-...

TF4W . 1Ar^ 0•:0o-0 SF5w(I) 3,6E 03E n9 T^R ^ 1 +1613-OTZ
uo

}:^*4Q* WESF 2.4E-07

ST-90 THE 2 4E 05^ 0
C-

SEZE S^E Ofit, 00
C^°

TF3E ZS.Os ^ or,

Tf4E ' 2.SE-0SAa TF3E 1.2E-07 Tf6E • 4.IE-06

TF7E ^/•/0 E-;^c TFSE
q.KO

TFqE
q.^o

s-'E•8a -c

TF10E 1.6E-07" ZFIlE 6.6E-08 TF2W a_.qEgyJ./o

TF3w ;:9E•82 o.OO TF4w k}E83^ yvc-oG Ii5F^1 1 1E@YaG

Tf•6W 1=1 I S£ OI ^ o EV41) •B:9£•b5 ttI^SF 5.1E-06

Noces: ' , - • - ^ , . '
CilYr - Curie per year
Rldlc= no 3dd1IlODi1 SOY[CGS of eIDtSSiOII I7SG5.

^ _ . .. . . _ -. . . . . . .. _. _.

6sei+....^na_^GCZ'3^/

p) /^rl^ aca^..9c`a-S.c-t^. .: • : :_.. _..

E=OSf
^

3• NG-o^
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Table G3.SM Radionuclide Emfssfon Rates for the In Sun Wnrificarion atterazxxve

RadionncIlde Soutcs F.mission Rate

(CJ/)T)

Source Emission Rate

(C1)T)

SMutie Emission Rate

(CiiK)

?.m-241 TFIW fi6E-08-o-vv TF2W 4:0£.84 T"t1W l.Efi-6}-poo

TF6W 8:9E-09-o•oC IS6W 2.0E-07 -

C-1+ IS6W 1.1E+03 - - - . -

Ca-137 TFIE 3ri£ 95^p^^ TME ?i^ 04E3a y Tiu 94b&"rEo y

TF6E 2.7E-05 TF7E 2.7E-05 YiBE .SE-6r^ Og

TF9E Q^9E-65Pj^ TFIOH 2.8E-08 TrW 43B^v 4

TF4W I:^ Ew e$ TF5W 8.2E-08 IS6W 7.0£-05

WESF 2-6E-06 - - -

I-I29 I TF6E 2.3E-03 TF7E 2.3E-05 IS6W ^2E00. j,(p

Pu-239 TF6E 2.9E-09 T773E^^ 2.9£-09 TF10EW. 1S£-08

TFIW 22:3E-08°6. 0 0 TFIW 2,3E•84a. ob Tr^W ;ol•E-05-6•00

I:pE-0i0-00 TFSW(,) 8.IE-09 T"r6W ?:4£-670•00

ISO-W 6.6E-08 £VAP 1-.4F.^) WFSF 2.4E-07

7.6E-14 - - -

1.3E-06 - ^ d-e -. -

-24E.05 s.a °o^, TF7 3:4E-06--fo TF3E i.5E-03^oG

TF^E 2:6c-05^ os TFSE 1.2E-07 THE 4.IE-06

TFI-E =.1£-06 TFSE -64E-9M1-EY o 7 TF9E ^83E=04

TFIOE I.6E-07 TF11E 6.6E-08 TF2W 2,4
E.64

-
E
l'to
-e'r

a•o0 TF4W 1^g3^ uve'-n G TFSWW . 3.1E-06

9.1£-08 IS6W I.4E-CG: Ey4pts^ 88E95^

WESF S.I£-06 - -

7.8E-09 - -

ission rates.

'S9

o O
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Table G3.1?4 Radionudide Emision Raus for the Ex Situ Intermediate Separations Alternative

itadlOOudide Source . EmisioII Rate
(Ci/yr)

Source Emission Rate
(Glyr)

Source Emission Raxe
(Ghr)

Am-241 Tr1W '.+6'e-08- a ao TFZW a.:^ 0.0•0 T"riW • }}E.03 o4D

1%w 3^._E r̂ O PO STH 21E-03

Cs-137 TFIE ? GE^9Se ,^ TFZE -2.1E-04^L^--0 7 TF3E 44E'11F 07

TF6E 2.7E-05 TF7E 2.7E-05 TF8E 2riE-65^r 11o

TF9E 3:9E-053_^tle-o TFIOE 2.8E-08 TF2W .3g.gq.S,oO
e-e

TF4w S:BE^3^ Yo 8 TFSw ._S ZE-08 TF6W 4E# 8•!r-3

STH 1.5&00 • . WESF 2.6£-06

1-129 THE 2.3E-05 TFIE 23E-05 -. TF6ZV 6.9£-05

STL 4-4E612.2Etoo - - - -

Pu239 . TFe) 2.9E-09 TF7]P) 2.9E-09.. TF10E^') 1.5E-08

TF1W 2:4b4& 4.O0 TF2W 23£-04 6. 09 TF3W 9 YE-0S'?.4D

TF4W }:6E8's °' °° TF5W C 1) 8.1E-09 . TF6W C1 s:0&03-F^g

STH 2.3E-03 EVAP^I E'y9y' WESF 2.4E-07

Sr-90 IF1E 2 4E @54t 0 TFSE SA£ 8E TF3E ?S£ 93-2 -
7oG

TF4£ ?-.S£Af^^ag TFSE 1.2E-07 TF6E • 4.IE-06

TF7E 4.IE-06 TFBE 6^£ 6M1Cv7 TF9E $9E$4'^1e

TFIOE 1.6E-07 Tf11E 6.6E-08 TF2W 3:4E^4^

TF3W 74EB2 p00 TF4W 1-FE8}e_4,( TFSW 3.1E-06

TF6W 1}^ d-1F-8i•E.3e 5T14 1.4E-04 EVAY Cz)

WESF 5.1E-06 - . . - -

Tc-99 STH 1.3E-04 - - . - - I

75

tvoce:
CSlyr = Clme per year

. - Ii1d1r1te5 no ]ddRW°]I SourCCS or emission rltGi.

. Emission rates shown are for the operational phase of the alternative. Emission rues for the ooustruuioo phase are the -me
as those shown for the No Action alternative (anic waste) (Table G3.1.19). No radionuclides will be emiaed from the
eonsscnsccion area5.

(1) o+, pa z3 9

(a) 0.41(0. oAAA-,J,^ 4:,4-- 5^ 40

lc-+0 2 C^yr

s7-H :I5TL
^^!"'P1 t^ea k 1la Q Ved = 1•7 X. LnnU4 1^ vL'tay'

/lrze L1nnv^ AvnP^

-I1VRS EIS G-61 " Volume F•m



^ocad'sx G U y 1 Air Modei}

Tah1. C.3_] '±i Radionudide Fmission Rates far the F.z C:m %*.. G.........:....^ e

Radioauclide Soura Emission Ftate
(CiPor)

- Source Emion Rate
(Ci/yr)

Source Pmi4sion Rate
(Cll}T)

Atn-241 TFIW 4-.6's"6$-OOb Tr2W #0E=84- bco T,-4W 1 4£03^%a4J

TF6W ,i,2E-93 6•0-0 SMN 3-8E-03 - -

c-14 Srmv 3^SM3.BE+0Z - - - -
s U7C TFIE

2-6 o.
:•4E•(?S^ TFZE

a• 33
- 0 7 TF£

1•co
9}E Or^_ o

THE 2.7E-05 . TF7E 2.7E-05 TFSE 3^_oa

TF9E ^3EA5-.3•aa D Q TF10E 2-8E-08 TFW 8'oo•y^gg-
a

•I•F4W •1,9£•832r."a 8 TF5W 82E-08 TF6W g. ir_03 8•!0

SMIN 2-5E-00 WESF 2.6E-06 - -

1-129 THE 23£-OS TF7£ 2.3E-05 TF6W 6.9&05

SMN 1^,IP'^ ZtIC,*oa - - - -

Pu-239 T--a 2.9£-0ik') TP7E 2.9£-09t'J TFIOlf"i 1.5E-08

TFIw Q4E-08 a-po Ti'1W 453E-04-0•00 TF3W '-'^̂ , Qoa

TF4W 4:8P,03- 6, oo TF5W B-IE-09 TF6W --a8

SMLti 3.9E-03 EVAP 1^-^ SF •WE 2-4E-07

Sr-90 TFl£
d-G o

•2.4H-05-4^_ e^ TF2£
G-oo

44E%064- o TF3E . ?3E 83F-a (o

TF4E E80S- TFSE 1.2E-07 TF6E 4.5E-06

TF7E 4-I£-06 TFS£ 6.47Eh94•'J.40F-o 7 TF9E 87-£ t9E!Oo

TF10E . 1.6E-07 :. TF1IE 6-6E-08 7F2W 1-:43`8M1Fo

I}3W a•ao TF4W 1.3^83•zt-0^ TFSW t=^ 3-1E-06

TF6V/(P -3,•1£•13} ^3 o F SMIId 3.9E-00 EVAP f z7

-- WESF S-1£-06 - -

Tc-99 SMIId 11E-03 - -

=o5

wuc: - , . . . . . y
Ci\•vr= CnrieperYrar .- _ ::_^: -_ .^r:^a__:.^._ ' ' ' ^ ___ . _, . -.. . _

/""„ •
- -= -- .-,.:---. -- --' a- - -- --.-,

. :
- kdtatu ao addiriami soiacesot etatsaa rates.:': :::.c ;)'c.::.: ; ... . ' .. . • _ . , .
Etttission tuu showu we for the opaatiomt phase of the altermave. Emission rates for the construction phase are the same
as those shown for the No Action alteauive (tank waste) (Table G.3-1.19). No radionuclides will be emitted from the.
crntstniaion areas.

( 1) Q^^ tvv'-Q1.,z a•e-- 4 4t Z-3 `J

(f, r^,^ au N -P ^. ^z qo

Sft )1^ I^^:o n^c ^,^¢ e-riwyrur"^ re(YIL^n^ GnnvaQGYet^^J

(,' X /Jonvq
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Table G3.1?6 Radionuclide Emission Rates for the Ex Situ Extensive Seoarntioos Alternative

( !)

('4)

Radionuclide

I

Source Emitsion Rate
(Ci!}T)

Source Fmission Rate
(Ci/yr)

Source Emission Rate
(CihT)

Am-241 TFIW 4-.6EA8- 0•o0 TFZW •4:8E-65-° •00 TF4W

TF6W 4$"07- O.OD ESEP 2.7E-03 - -

C-14 EsEP 3•l _. ^2 - - - -

Cs 137 TF1E Q aE e5 ^^°9' .Tt7.E 3-FE8a^-- 0 7 TFE 9i-EB9F o y

TF6E 2.7E-05 TF7E 2.7t-05 TFSE 0°_:4t-OS-Z6

TF9£ 22 9£ 05e 1oE
2

2.8E-08 TF2w

TF4W _I,OE-0iB-wo Sl TFSW 8.2E-08 TF6W ^ia

ESEP 8.9E-01 WESF 2.6E-06 - -

1-129 TF6E 2.3E-05 TF7E 2.3E-05 TF6W 6.9E-05

ESEP Ke9E,A 2.7Etoz - - - -

Pu-239 TF6E 2.9E-09 TF7EC" 2.9E-09 TF101p 1.5E-08

TFIW ?-3 -0&O-s-O TF2W 2:3E-04G.pp T`r3W 5•a•6:z)

TFaLV }p^r TFSWC'^ 8.1E09 TF6QC'j -3.OF.6"r

EvpP-'% ESEP 8.4E-04 WESF 2.4£-07

Ru-106 ESL I.OE-09 - - . -

Sm-151 FSE•' I.-,=-0:' - - - -

Sr-90 TF1E -2sE-05 TF''^ 3:4E-4DBE_0 TF3E 2.5E

TF4E TFSE 1?E-07 THE 4.1£ 06

TF7E ^.lE-06 TFSE .6,•Z£-o4Ea0 TF9E 8r3FrA4,e-,,

TF10E 1.6Ed'i7 TFIlE 6.6E-08 TF2W ZAB-04'C'o

TF3w I .Bc^L'ooo TRW 41^Z;,I..0` TF5Wf1^ 3.1£-06

T'r6a?) rt=_ar^"'^ Evnp fi) .S:eE-as•, £s£P 1.4E-00

WFSz 5.1E-06 - - - -

Tc-99 ESEP 8.4E-0: - - I - -

Zr-93 ESa'^. 1.1E-4= - - - -

Note: I
Ci\vr = Curie per year J`F'(

- indicates no additional soares or emission ntes.

Emission raees show•n are for the opentional phuc of the alternative. Emission rates for the construction phase are the sanx

as those shown for the No .\awn altanaave (tank waste) (Table G.3.1.19). No radionuclides will be emitted from the

eonstruetion areas.

-T
-

:c GQ

yJy ' K1.7 x 1341)J4- vriF`

TWiLS ELS G-63 Volume Five

?-oS^



Appendix G F'761,'-0 Air Modeling

I
Table G.3.1.13 Emission Rates for the Ex Sitv/In Situ Combination.Alternative - Construction Phase

Pollutant Source Emission Rate ( see)

Criteria Pollutants

Sulfur Oxides TFSW 8.7E-04
TF6W 0.24
TAIW 3.6E-03
TA2W I.9E-02
TA3W 3.6E-03
TAIE 3.6E-03
TA2E 3.6E-03
PROC 8.0E-02

Carbon Monoxide TFSW 1.9E-02
TF6W 5.2E-01
TAIW - 4.8E-02
TA2W 23E-01
TA3W 4.8E-02
TAIE 4.8E-02
TA2E 4.8E-02
PROC 6.17E+01

Nitrogen Dioxide TF5W 7.3E-02
TF6W 1.19E+00
TA1W 1.6E-01
TA2W 8.3E-01
TA3W 1.6E-01
TAIE 1.6E-01
TA2E 1.6E-01
PROC 5.86E+00

PM-10 TFSW 5.2E-03
TF6W 6.7E-01
TAIW 3.7E-02
TA2W 1.94E-01
TA3W 3.7E-02
TAlE 3.7E•02
TA2E 3.7E-02
PROC 3.54E+00
BTCH 1.20E+00

Hazardous Air Pollutants

Formaldehyde TFSW 1.81E-05
TF6W 2.08E-04
TAIW 4.67E-05
TA2W 2.45E-04
TA3W 4.67E-05
TAIE 4.67E-05
TA2E 4.67E-05
PROC 1.51E-03

Notes:
g/sec = Grams per second

Additional emissions from tank farms and evaporator would occur as shown in Table G.3.1.2.
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ti
cacthe Ez

Selficr Oxides n;sw 'r_ 3. S 6-oy
S'I-H ^^^=03 - 're
SfPL 7.LE^ot

CarbonMawxide TPSW=TF6W ---- •
-03 s

siit _`io^=?z u.^
^-L -

3.0Et?
N37tngea Dioxide - -TPSW TFbW .^A E-oa

STH
. . .___.

^.oE=o^ . .. ^

S1=L S^=o1 ---

PM10 MEW
..
3. ^ E.. o^._ _. .

HTCH ^.W ti -o r

Focmafdehyde

^
TFSW. TFbW _.... _. ... 1.1 9^ o L

Aneab Compou>tls ^ 1.M t o r_
STL 3• I f^ -^o

1iayUium Compomda S7 H - s• L t< ^11 ^ aR
STL .........__.

_

CadmimmCampo^mds
.

STH t.3E-n9 ,a
STL 1•lE-oq

CobUt Caoapotmds S'I^I f. S E-. t o X
STd "I.Z^t!^

ChcomtamCompamds ST^i 'i,SE=o9
^ST-L ^.06 -Ol

Mmpaeae cootpowtds 3? x ! 3 1--oY a.- ._
SiL ^.3E-oFt

Leid Compounds STH--'-

o3^Mmoooy ComQouoda ST-H E -. .=

om Compoandi
ST-L
ST11

I.:t-i•c -to
q. OE -1 O

net I.0 E-09 ,
N;c>ck mpw^da ST-H x.'!E.-OS y
\ ST-L 1 0 tE-ng1
8 en Chloride ST-H g,5

E-oif

ST-L 3.,iE -03
ladioe ST-H `1,0E -oT

ST•L &f•Lr, -oH .
AmmoAia sr-x o• o

S7L S•1E-oY
Silrer Oxide ST-H i.•0 `= - I I a

Haie Oxide
ST-L
ST-H

3g^c-ir ^
q•-aE - j0

SP-L I. t E -o1

g/xe - Gtams per second

tr (tL

C,itl.
i'
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^.3. l. w F-t Scty
. • ..^.r^A.. r,,.

to'^ 1

iaoie o¢ xaies tor [n NtetLattve - Operation PnaRe (eont'd)

Pollutant Source Emission Rate lsec)

Calcium Oxide ST-H 0 0
ST-L N,BE oG 4^gf^

Ferric Oxide ST-H /.I -o b-2-A2246-
ST-L o C :-07{ g^gg -

MagnesiumOxide ST-H g.o G -oq L681L^BK
STL

.
4.8'E -o^ g^6'-

Tellurium Trioxide
.

ST-H 3 .1 E - t o_6.38Ea0-
ST-L I.oE -it 24E-H .---

UraniumTrioxide STH_ /.46 ^ob 2:gMM5
ST-L I.4Ero'7 23W

Vanadium Pentoxide ST-H -11 146EM9'
ST-L 2.GE -l 5̂#^tt` - -

Zitu Oxide ST-H --^.6
STL 1.G E- 0 9 349.89

Zircanium Oxide ST-H
___

b.$E -o l 1,^6
ST-L z.8 E- oY 53a^g'

Fluoride
_

ST-H 1.3 E-02-2AE!1)2-
ST-L I. 1 E-o z. 234EB2-

Nitric Acid ST-H 2.5 I=-o3 540103
ST-L ^.t E-n3448RIM^

Barium Oxide ST-H z, 1 E- 04 44*!69^
ST-L 5.0 ^-ro 1:88+8g'^

Notes:

g/sec = Grams per second

In addition, routine and retrieval emissions from tank fatms and evaporator would occur as shown in Table G.3.1.3.

't-" ^^e

zU ^uS
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A..^oead'tz G Air NSod:iiry

N "
I

Table G3.1-17. R2dioauc{ide Emitsion Raies for the E: Cin,rt., cr... r,....^.:...,.:,..,
e

^..'..^,;..

Radionuclide Source Emission Rate
(Ci/yr)

Source Emissioo 1Zate Source
(C)/yr)

Emission Rate
(Ci/rr)

:am-241 Tr'lw 5,:^ 6-o`J -1-^E133-G•G`0

TPSW -I.1E-0^3- J. nv ^ -1:9E-03^

C-14 Srl. ^ y,BEtoz

W

-

Cs-137 TfIE d

TF6E 2.7E-05 2.7E-105 TFSE ^ SE Or^^^ S

TF9E e.4)£$SS
'A
oE-og TFIOE 2.8E-08 Tr2W 43E-84.5

TF.w vz9E--}$'4r-o S TF5W },6$$3 ^ ^v TroWr_ oS 16c63`(^^r-p^

1.3E-00 WESF 2.6E-06 - -

1-129 TFoL 2.3E-05 TF7E 2.3E-05 TF5W g

TF6W 3cfiE OS 3•^O^ STL .2^

Pu"239 T"tron '1') 2.9E-09 TF7E(') 2.9£-09 TF10E(" 1.5E-08

TF1W ^• c• e o 2F22W 33E•84-0 p^ TF3W "-1£-05-0 GG

Ey3• 6. p-o TFSW(^1 1^E-B3-e_a9 TF6W ^'^ 1 6£ 83ProS

3 EVppf') }qT WESF 2.4E-07

Sr-90 TFIE GL 04j

I

'IF^ ^G.ao

OSE o5
M TFSE 1.2P07 TF6E 4.I £-06

6 TFBE 7'^G E
- 7

$^-g{9

7 TF1IE 5.6E-U6 TF2W

t}2 ^^c99 TF4W. 44&dF dG TF5W(s) .}-}£•.N y.pg
.04

T'r6W (Z) 1.1E-01^og 4M EvAP

'•°^w=-F 5.1E-06 .

Tc-99 - ..
E
N..

fi}^, 5%1-1 1.2E-04 ` - - - - I

Clyr = Cutie PerYear_
- tOdlCiteS DCI ]dditl0[li^ 50^6CG5 Of tmf55i0U iYfGS.

•_-.-_..
-._. -. ._. ._ . .. ---_-

Emission nus shown arr for the operational p6vse of the aitetmtive. Emission tues for the coasmution phau atn the sameas those shown for the No Action alt-tnative (tank waste) (Table 0.3.1.19). No radionuclides will be emitted from the
cotutruetioaareas. - -- - - . _ .. . -- - . . ...- .----'- - .

( J GFa^e d-^e r.^ pK-az Q ..

,-jL 'j2(^ ^u^Yl^

Gtnnv^}' ^'^iTno = ^ ^

ar
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a,3. l.
y

Table4N9M Emission Rates for the Ex Sitn/In Situ Combination Alternative: Construction Phase

Pollutant Source Emission Rate ( sec)

Criteria Pollutants

Sulfur Oxides TF5W 8.7E-04
TF6W 0.24
TA1W 3.6E-03
TA2W 1.9E-02
TA3W 3.6E-03
TAIE 3.6E-03.
TA2E 3.6E-03
PROC 8.0&02

Carbon Monoxide TF5W 1.9E-02
TF6W 5.2&01
TAIW 4.8E-02
TA2W 2.5E-01
TA3W 4.8E-02
TAIE 4.8E-02
TA2E 4.8E-02
PROC 6.17E+01

Nitrogen Dioxide TF5W 7.3E-02
TF6W 1.19E+00
TA1W 1.6E-01
TA2W 8.3E-01
TA3W 1.6E-01
TAIE 1.6E-01
TA2E 1.6E-01
PROC 5.86E+00

PM-10 TF5W 5.2E-03
TF6W 6.7E-01
TAIW 3.7E-02
TA2W 1.94E-01
TA3W 3.7E-02
TAIE 3.7E-02
TA2E 3.7E-02
PROC 3.54E+00
BTCH 1.20E+00

Hazardous Air Pollutants

Formaldehyde TF5W 1.81E-05
TF6W 2.08E-04
TAIW 4.67E-05
TA2W 2.45E-04
TA3W 4.67E-05
TAIE 4.67E-05
TA2E 4.67E-05
PROC 1.5IE-03

Notes:
g/sec = Grams per second
Additional emissions from tank farms and evaporator would occur as shown in Table G.3.1.2.
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Appendix G Air Modeling

Z
Table^iM1 Emission Rates for the Ex Situ/In Situ Comhination Alte*oAtroe. nnn•etion Phacc

Pollutant Saurce Emission Rates ( g/sec)

Criteria Pollutants

Sulfur Oxides TFSW, TF6W .- 3• S E-^y
-ST-H 'i. =03

ST-L Id. E- o I
CarbonMonoxide TF5W.TF6W

- ^H 1.8 E-oi
._. ..,

5.1:-L o Etbo

Nitrogen Dioxide TFSW, TF6W 2•9 E-o5:
_94.o6-03

ST-L
PM-10 - TF6W S.^ E^o3_

TFSW 1.3E-oa
^^B?CH yi G

Huardous Air Pollutants

Formaldehyde

gjftdw-

TFSW,TF6W

Arsenic Compounds
43b
ST-H Z•^ -10
ST-L 3. 1 - i o

Beryllium Compounds ST-H ^.} E-17
ST-L ._ . . . _ 2•^ 1=-17..

Cadmium Compounds ST-H
. ^ `

e
! 09

ST-L AlE-o9
Cobalt Compounds gT-H E- 10

-ST-L i'f."fE1
Chromium Compounds STH 1.5 -oY

ST-L ?.U E -0^
Manganese Compounds

`ST-L '),•3 6-0$
Lead Compounds Sl_g - -9 .3 E -611----....-

sr-L 3•36 -09
Antimony Compounds

. ..
ST-H (, •6 E- t o

ST-L I,^E -t0
Selenium Compounds ST-H $" I t^ ^ O

ST-L 1.0E-09
NickleCompounds ST-H ,$mE"O5

ST-L 1,IG-09
Hydrogen Chloride ST-H 1,-1C -03

ST-L 3,^fE -0
Iodine ST-H I,kE -O1.

ST-L y•(.E -o `I
Ammonia ST-H 0 • O

ST-L 3.^ E -oY
Silver Oxide ST-H I?-G - 10

Boric Oxide
ST-L
ST-H

3.$ E- I I

f&

I 0

ST-L 9
Notes:
g/sec = Grams per second

f^!^I

3

TWRS EIS G-50 Volume Five



iix G Air Modd'

^x Sttu q S,To- a`. bi„aCciK .^ ^

'ablef#alle!!g Fmiadm Rilet for W &MWWCMS Alternative - Ooeratim Phue rmnNa1

Cycium oxide

1'^aric Oxide

Maqaeaium Oxide

Tellurium Triuxide

Unaium Trioxide

Vanadiom Pentoxide

Zinc Oxide

Zirconium Oicide

FUariea

Nitric Acid

sariom G cIde

sI-IL-. 0.0
ST-L 6.'1 -OG
STH --- 3 E-o7^..-........

^.4 ---or
STH '3•^-0T
sr-t. b1. E -0C.
S"-H-.... .Qt -t0l
ST-L

.
i.5E-•ij...-

ST A .^E ro't_. .. .
STL A• -e
s2H _ 1.9I= -_^
siL 3.GE-n

ST:R....•--- $:00-1 tt
sT-L a•3e-o9
ST-H ^Ak-o7

57^^_.-. N.04-o$

s`M. ^1,Oi_-03
ST-L tLE -Ox

STL x.'VE -03
STH G.S6-10S-L

-7 .or; -io

^

^

°.

_..

;hee - Gnms per ucond
la+dd'uion. mtaine and rcuieval em7stioas from nak tamft and evaponmr would ocas as shown in Tmble G.3.1.3.

L^

3
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Table G3_L7 , Radionuclide rTiss+M Ratet for the Pz Sitsslla S'mt Ccosbmatioa. Ahetmme

Radioaudide Source £msssiou Rate Soaree FmiAioo gate Saarce E=d,won
(CUVr)

(C1/K)

At:l-2+I iIWI ^'.r^y-EIB""O•o'O 'It-2W ^.i$t,•BqPOD !t•CW

TrSW

•o-a

I-rb^v 3^.t73-a o o y^..5;iH

J

GI4 STL

Cs-137 TI£ -3:4£•95 TFZE TFi£

T-r^ 2.7y-•o3 T"r7E 2_T=-0S Ti'^

'IF-9£ -2.9E^3• TPIO£ 2.s£-os TFzw 4„3b

r4w ^-0s $
E'^°8 T-rsw

6 j r.••6Ww •p L-p

1-2 30E-0 WESF 2.6E-06 - -
1-129 THE 23E-O5 TF7E 23£-05 TFSW • 3'^ $ -3^O

?F6W y,6t-03 3.l• $'-E=p STL ^o^ l•g - -
?udi9 '^'1T'r6E- 2.9 09 TF7i`) ^ 9£-09 TFIOV^`j 1S£-08

'I=IW 2:5£,EI8_ o• o D •Ir7w -2:3LhOqo•O0 TF3w 34E•85•a.00

'I_-4w
7h^

d.0 °
•IFS*') }..^,g^a• `4 ° TF6W t ^) ^ • ^f o

•8i b" ^E- ^: 'C-o8

's^v S?t-/ ^^i^ff^ 6.36-04 EVr.Pl'^ WESF 2AE-07
Sr-90 TFIE 44nOSC_vS T72E 6 *O

e-o
2F'£ 2-S£g3^ 7^

E-oG
ir4n

-
9=S_'^-95'^

Gr-OS IFSH 11£-07 Tf6E 4.I£-06

TFi£ 4.1£-06 THE 6^84E
0
0 E. -48:3-^5£.gq'1'IO

^-o
TFIO£ 1.6^S-07 TEII£ 6.6£-08 Tf2W "^'S,04., /•/O

:BL-&3• o•O o I"r4W. 11£-03^-'yoL TFStYIZ ) ^!•48d:i£•B} .

Trfiw<t) S.;L STfi 2:tE-0O AB& £yqplz)

^-o

89£-05 STET
WPS s1£-0d - . - 6.3E-o I - -

To-99 -Sj{ s:-,Xf ua 3.6ES - -
-I`om: -

car e c,^r;e ^ ^r •
no,dd;donil wiazes or emsssroa rates:` ---. _. --- --- • _ • .

Emission rams sbown are for the opeatioaal phue of rbe akamcve iE i a eas those shown for the No Aaion alt_-r
aoamvcr;onarzas. - -• --

. m s
mtive (ank Wisr) (Table G3_1.19).
- - . .. ._ _ .

on rs ces for the construcuoa phar
No radionuclides will be cnit-d• . .- •---_

e mz the ym
from the----'- -.

5zt{ ^ S rt (Z^^imt ^^^o a-EPL f^A17vAIvi
t^7x A^^ ^i,G^ ^

TwRS 11S ^ valtmmu F--tw
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Appeadu G Air Moddiag

. 55W • 1.87E-03 NSPI 1.73E-01' --' - - -

Tabk G3.I.'.,8 Radionudide Emision Rates for the Phued Impkmentation Attetmtive Phsse 1

_ Radionudide Source _ _. E=iS$iw Soum . Eminioo Rue . Source . Emi4ioo Rate
Rue * (C'i/yr) -. . _ ICt/VTJ

(C3/yr)

Am-241 TFI W--• 9 6E 08a o o TF2W ^-04 o•Oe TR1W }}E 03-^v0

1.F.6W - S£.09-^ SSPI --' 3 26E-07 -`. NSPI '2.40E-04

C-14 - SSPI 4.0E+01 - .' NSPI 7.OE+0I - . - -'

Cs 137 TFl£ ' 3 4F.05^ ME 3cFE 84^ ^3 TFi£ : 9r1E-05 A o_OS!

TF6E ^ -_ . ^E-09̂ Ls ^£ ? 7E-05^•G ^ TPBEJ- ' d,4E 05 2 0

- - ^ -_-_- .TF9E - - 5:9E-057-e^ TFiOE -- 2.SE-08 TbZW--- t"-e4.3E'94

TF4W 4,0E93F ' TFSW 8.2E-08 WESF . .- ' 2.60E-06

P 9 - 69') -- ?Ai - ('j- g (`3u 23 TF <:9E-09 TF7E 3.9E04^ e TF10E 1.5E-08
6

TFIW TF2W •- .23E-04. o-eo TF3W -- g;}E.BS. e. pZ•j

-- • - TFOVrs
T 1 ^-OE#T} °'0D TFSW <' 3 - B.IE-09 TF6W 4:45.02 0 .o 0

i=

Evp?i^J I {aE pa^^rJ^ WESF ' -- 2.4E-07 SSPI -' 7.90E-08

NSPI 2.63E-04

Sr-90 Fr': E I 4 aE 057 ;y TF2E 3 4E-0frF^o TF3E
1-s!

,'I.SE-0} * GG -c

TF4E 33^$SFa^

^

TFSE 1.2E-^-07 - THE 4.IE-06

'CrE 4.IE-06 . TFSE 67E-04^^0^ TP9E . ^t^.e

TFIOE 1.6E-07 TFI1E 6.6E-08 TF2W

TF3a' fiOE^ET2°^ TF4W •1,^E-03^~ TFSW(^) 3.1E-06

TF6W ") 9.IE-08 EVAPt;-) WESF 5.IE-06

SSPI 7^b05 NSPI 2.67E-01 • -

Tc-99 SSPI 9.83£-07 - -

tvotes:
Ci1yr = Curie per year - ^
- indicates no additiocal so,accs or ®ixsion raru.

(') lc^f<c if.su ..,, s^ rw - z 3 y

(2) /3^ ^ p'^ ^. S^ -

O^tP-

_. - i^2alG ann^oY2pyfjy4,^d

1f^^s

I 5s z fQSPL I QZZ
^
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Tahle !: 2.t I0 A.di^udide Fmiccion Rates for the Phased Imnlementation Mter=ti^t Phase 2

Radionuclide Source
I

Emission Rate

I (Cilcr)

Sourcc Emission Rate
(Cih-r)

Source

I

Emission Rate

I (CiIvr)

?w?.m-241

TF1W .46"r,-08-.0•00 TF2W 4AE-040•010 T`r-W 4-in@s0•aD

T"t•6W ;.is 6r o• o o STIi 1?5E-03 - -

C-I4 SIL ( ^Z^Z SS?1 S1.z ^5481^t^I^ i^/^/l/

Cs-1.i7 - -

TFIE 3:4£-95-Eo ff Tf'^'E ^"Ld 7
T-r`£ 9.1£-03 G^o

TF6E 2.7E-05 TF7E 2.7E-05 TFBE •2;4£-05•2•60
E-o sz

TF9E 2 9EO5^' og TF10E 2.8E-08 TF'W ^3E-04e9^ 04

TF4W 1e6E$3 LIy 6
TF5W. 83E-08 TF6W TIE-03 5• 1^-

STH 8,88E•8t 7.5E-0 ^ WESF •2.6E-06 -

1-129 1-r6-r. 2.3E-05 TF7E 23E-05 TF6W 6.9E-05

STL ( ?`_749E5M I.oE'i'GO -$TGZ - l,oGFtr'J -

Pu-239 ° `-08-'- P _. 3E# - -

TF6E1t1 2.9£-09 TF7Eft^ 2.9E-09 TF10£, 1.5E-08

TFIW 3:3Fr860•00 TF2W 23E04 o•oo TF3W ^ 1E05oOv

ir•AW •I,OE-63- o.oo TF5W ctZ 8.1E-09 TF6W c^) a.054341_e

ST'rI yr3^ I.ISE 0 EypPtl) - WESF 2.4E 07

Sr-90 - SSPI 7?0E-05

7:1£ 3:3E=D3•Ll-
1..
6 TF1E 3.4E-86-.:;_O q TPSE 2:SE$3LofG

TF4E .. i.SE 93 ^-$ot.o8' TF5E. -' 1?E-07 THE 4.1E-06

Tr/E a.t£-06 TPBE 4^"n•94^^o°y TF9E 83&04y/o '

TF10E • 1.6E-07 -' TFIlE 6.6E-08 TF•?W ^ 41r8a^ ^

Tr3W ^:9L-93• 0-0 0 TF4W -1-YE 83ca G TF5W t Z^ 3.1E-06

TF6^ ^ _24E'94 EVAP ta ) g qE""^X^

WESF 5.lE-06 srx

Tc-99 STFI 3:98fr65 6.S;T- 8 ^ - - I

Vote:
Ci1yr = Curie per year
- indicate.c no additional sources or emission rates.
Emission rates shown are for the opentional phase of the alternative. Emission rates for the cottszruaion phase are the same

as those shown for the No Action alternative (tank uast-.) (Table G.3.1.19). No radionuclides will be emitted from the

construction areas.

^S

(^) ^6sac.^°a-Pu-^3Y S il^Sii ^JSTLZ ^^o;cr^0cv(2/^^1n^^.%^a^
S;;'`"y P00^LlnfvcP 6,t,t.i1i<.ora =
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Appendix G Air Modeling

Table G.3.1.15 Emission Rates for the Phased Implementation Alternative Phase 1- Construction Phase

Pollutant Source Emission Rate ( sec)

Criteria Pollutants

Sulfur Oxides FCPI • 1.93E-01

Carbon Monoxide FCPI 46.2

Nitrogen Dioxide FCPI 8.59E+00

PM-10 FCPI 6.5E+00
ETCH 3.15E+00

Hazardous Air Pollutants

Formaldehyde FCPI 3.50E-05
Notes:
g/sec = Grams per second
Routine emissions from tank farms and evaporator would occur as shown in Table G.3.1.2
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Appendix G Air Modeling
F623

Table G.3.1.16 Emiccion Rates for the Phased Implementation Alternative Phase 1- Operation Phase

Pollutant Source Emission Rates ( sec)

Criteria Pollutants

Sulfur Oxides SSPI 1.358E-01
NSPI 2.338E-01

Carbon Monoxide SSPI 2.27E+00
NSPI 3.78E+00

Nitrogen Dioxide SSPI 9.589E-02
NSPI 1.613E-01

PM-10 SSPI 6.215E-03
NSPI I.287E-02

Hazardous Air Pollutants

Chromium Compounds SSPI 4.78E-08
NSPI 8.88E-08

Manganese Compounds SSPI 4.62H-09
NSPI 3.70E-08

Nickle Compounds SSPI 1.33E-09
NSPI 3.70E-09

Fluoride (as HF) SSPI 3.92E-02
NSPI 6.69E-02

Nitric Acid SSPI 8.88E-03
NSPI 2.37E-02

Ammonia SSPI 1.08E-02
NSPI 2.62E-02

Hydrogen Chloride SSPI 1.07E-03
NSPI 1.79E-03

Notes:
g/aec = Grams per second
Additional emissions from routine operations and retrieval operations would occur as shown in Table G.3.1.2.
Emission rates of all inorganic compounds are not given: however, negligible impacts similar to those predicted for the Ex Situ
Intermediate Separations and Ex Situ No Separations alternatives are expected.
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AR MoCang

Tabk G.31.17 Emisdao Rrtm far the PJsued Impie>CIStOtlm Afteeaa:i" Phase 2- Corsisaedon Phsa F^Z

Crkata PblhtGatt

SWtar Oxldes TF.SW 1.77E-03
176W 1.77£-03
TAIW 7.1g&03
TA1W 3.77E,-02
TA3W 7.1iE-03
TAlE 7.18&03
TA2E 7.13E-03
PA9c 23Yr,-oi kuzol-

Carbop uonui& TP3W 3.72M
7P6W 3.72Fr02
TA1W 9.69&OZ
TA1W 0.310
TA3W 9.69&02
TAlE 9.693i.02
TA2E 9.69E-02
PROC ! 7^E+0-A^

N'mageA Dioxide '11+SW 1.46E-01
'1P6W 1.46&01
TAIW 3.15E-01
TAIW 1.66
TA3W 3.13E01
TAlE 3.15E-01
TA9E 3.15F.01
PROC 1^11=so> >^^

^

fM-lo TPSW 1.03Fi02
TP6W lA3&d2
TAtW 7.40Fi02
TA1W 3.EEE-01
TA3W 7,40E-02
TAIE 7.40E-02
TA2E 7.40E-02

'pgpC 1.31E10o eNeTee-

liturdom AIr PoBbtaun

^ydeyy^ TPSW 3.61E-05
TF6W 3.61E-05
TA1W 9.33E-05
TA2W 4,99E-04
TA3W 933E-05
TA1E 9.33E-05
TA2E 9335-05
PROC

Notes:•
ghce - Gsms per second
Routine emissions from taak farms and evaponeot woutd occus as shown in Tatrle 0.3.1.2
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.Acve.•w+-z G P^ / .q.`'z'.^fodd*

Tahie G3_1-19 R^d:m..«•1:.i. F«.:.c:<.« a..<.. s•.^- ^^ .

J

_ Radionuclide Source _ ..£missioa : Saum Emssvoc Rau Sounx F<..:.d.w. Rye

Rate - -- - : (G/yr) - ...
(Ci/}z)

(CYyr)

Am-241 TFIW- - ;.-6E@SOOO TFZw -- 4.eEpo4•a•Oe TF4W

-- - TF6W^- gE SSPI -` 3 26E-07 NSPI 2.40E-03

C-14 SSPI 4.0E+01 . NSPI 7.0E+01 - -

Cs-137 : -• TF1E. d:4$-95•-_o IF2E E}E^A4^ 03 TF3E ^}&8S^o_.

^ . LF6E TFIE- TFSE--- • $z4bOrl2

BSe.a^ TFIOE - - 2 8E OS --. TF2W-

: -- -- TF4W._- d+OS B3^e TFSW - 8.2E-08 NFSF 2.60E-06

° - SSPI •- - - 1.87E-03 -- NSPI' 1.73E-0I' " -

Po-239 TF69<7 - =•9E-09^̂ .T.F7b{l1-:-.. TFSOEE9 1 5E-08-. a ^• -a .

TFlqr ^ 33E-08.d-od- TF2W - • • • •24&Oa o-oo TF3W - - 9 3E @S ° oD

-
frT t.m'eq'¢Otl TFSWj') '- 8.1E-09-' -• TF6W i4$OZa•oo

"

.

EVAKJ`' WFSF - '-- i2.4E-07 ' SSPI 7.90E-08

NSPI - 2.6SE-04 _

-Sr-90 • • THE -- ? 4E^5•^ ^ DB.uq TF1E _ -
G•e o
6i_o TF3E 4:5E83 P^oG

TF4E 3 Sb85E^^ TFSE 1-2E-07 TF6E 4 IE-06.

4.5E-06 -- '' TFSE o6:7%-84•E TF9E ^_a
e

TFIOE 1.6E-07 TFI IE ' 6.6E-08 TF2W . ^E^}^_a

TF3qp 9;gE•g2 ao0 TF4W i.^E @3^ V y.
!^ o G TFSt^ ^^ 3.1E•06

TF6W 9.1E-08 EVAPt;) wESF 5.IE-06

SSPI 7.20&OS - NSPI 2.67E-0I <

Tc-99 . SSPI 9.83E-07 - -' -- - - '
N<m<c•

^ - _

C9lyr ^ Curieperyear
- 7ndicaus no addi[iomi souras or emissan rues• -----. .-.^ - . n

(^)Li^^.^GaQ4,,,QQ-tj^a.- Z3^
_._..

Gt^Na S.Fg ?e^u a^.,u^De,n^e„a,,eCZ, A-

r tF7<s

-

r< 6^ A 3oE-00

ss-PI ^ o.z z. jos pr I c?.Z:-L-
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^poendiz C ^"^r4r Mod_-?i^.s

Table G3.1.29 Radionuclide £asaion Rates for the Phised Imnlemeatarion AkeraatiYe Phase 2

Radionudide Source
I

£mission Rate
I (Cucr)

Source
I

Emission Rate

(CU}T)

Source Emission Rare
(Ci/yT)

-241Am •- - -. _ - -

TFIW ^or-08-o0o TrW :,8'e^o•oa Ti4W -I-tE•@}o oa

T"r6W 73=6'r o• o o STFI 1.2'c-03 - -

C-!4 $TL ^ . U4z1awpZ SSPI at 546E^C1^D l' +^

C 137 Si- SPf

TFl£ 3o4b95-Eo ff '-£ Tr^E A £ Of o

THE 2.7E-05 TF7E 2.7£-05 TF8£ 4:4£•65C_o°

TF9£ ?11£@5e' 0 9. TP10E 2.8E-08 TF2W 4,y^^g.tJ.oo
0

TF4W }:@£^-
ey 6 •1•f5W. 81E-08 TF6W 5.Ii-6; F. l F

ST'rI 3ASE-6i- 7.5E'o I WFSF 2.6E-06 - -

1-129 TForr 23£-OS TF7E 23E-05 TF6W 6.9E-OS

STL ?"7519E3YI 1.0Et00 .^TLZ - IlD6i-typ

p 23 'u- 9 . _

T"t^ l l 2.9E-09 TF7E ( l-) 2.9£-09 T3:I0E ^ 1.5£-08

TFIW 0• o o TFlW 3r3£.04 o•o° TF•3W 44E-g5. o•av

TF4W 4,o£-05- o.0 o Tf5Wt^z 8.1E-09 TF6vJCl) 3;OE-03r'-eo

STFI 1OE-03 I.15E-0 £VAPrV- 44L64 WESF 2.4E-07

Sr-90 - SSPI 7 20£-05 - .

TFIE 3^E^S^6D TF1£ 34^6tY^oq TF3E ^S^Go/G

T'r4£ ?3t OS ^'^D^.es TFSE. 1?£ 07 TF6£ 4AE-06

TrTa 4.1E-06 TFBE lb,;E$Fl y40c-o TF9E $3E649^ot-o

TFIOE • 1.6£-07 TPIlE 6.6E-08 TE•?W 3.48-8a

MW -7:0£-&2- o-oD TP4W -i.i-E-OG D C TFSW cz) 3.1£-06 :..

TF6wW 4,4_̂L^
^.

33 c L7EVAP

WESF 5.IE-06 SIIi

Tc-99 ST'ri

rS

lY0{C:

Ci\yr = Curie per year . s^
- indicates no additional sources or emission rams.
Emission rar_s shown are for the operuioaal phase of the alranmtive. Emission rates for the construction phase are the same
as those shown for the tio Action alr_rnaciw_ (ranY, waste) (Tabie G.3.1.19). No radionuclides will be emitted from the
construction areas.

S, )
'4-- P" 1 L. l^57L2 fntZ4,3(

{,,^ ^ 4;;,z'y° P^An^^^^o^a = 1.7x^^. `^.
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p.^IDK Fa rn1 ^,o V^ 1C ^CX •

T.iiBLE 53.1 SQURCE 1YPF.S A_11) LOCATIOi1S.
f'`" '

ISOL'RCE SOL'itC: LOCATIOti' ELEVATIOPf OF SOURCE
NA32£ •' CE.\TFIt (m) TY?E

x eoord. coord.

aY THE 573556 137,42 200 AREA
TF2E 573556 137282 200 AREA
TF3E 573771 137252 200 AREA
TFSE 575075 136493 200 AREA

A1J TFSE 575332 136378 205 AREA
ii. TF6E 575365 136279 205 AREA

TF7E 575281 136157 20S AXEA
TFSE 575380 136159 205 AREA

TF9E 575310 136015 210 AREA

-W TF30£ 375304 135806 210 AREA
1711E 575481 135747 210 AREA
TF1W 566738 136662 210 AREA

T^( TF2W 566715 136373 210 AREA
T 773W 566689 136146 210 AREA

174W 566744 135000 205 AREA
775W S66750 134399 205 AREA

K TFSW 566746 134162 205 AREA
TAIW 566833 136570 210 AREA
TA2W 566886 134878 205 AREA
TA3W 566930 144' 205 AREA

TAlE 573755 137383 200 AREA
TA2E 575163 136336 200 AREA

5 G PROC 573879 135229 215 AREA
BTCH 571332 135953 225 AREA

SmIDV 574425 135978 215 AREA
ST-L 574120 135901 215 AREA
ST-H 574410 135978 215 AREA

.4L^
^] r- (,PP,ir^

jprim ^

/^pPLlcai'I tm

^JSb'

Notes: ^ Location of area sources represents southwest corner o(area (coordinates in meters)
•• Tank farm sources have the pctfrx 'Tr'. transfer annez areas have the
p:efix "TA': source II3s ettd'mg in 'E' arc toated in the 200 East area.
while 8tose ending 6t'W' ara Joeat^ at rhe 200 West area. Odmr sourcrs
are If:fuxd as follows:

PROC - Vitrikeation process 5tcitity wnstnction eatissans
ETCH - Coacr^e batch plant emissions
St1^ - Mieiraal prureamxat process stack
ST-L - TPA low Ievel wasae process stactt
STH= TPA high level waste process stack

t
Coox!'vnte iootioas are given consistent with ASI eoordinate system.

^
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\

^
\

\

Am241 Cs137 Pu239 Sr90 alpha beta 1129

241A -t'F9 0 3.20E-08 0 9.10E-07

241AX F 0 2.60E-08 0 7.40E-07

241 B TF 3 E 0 1.OOE-07 0 2.71 E-06

241BX TFZE 2.33E-07 0 6.OOE-09
241BY 1< 1 C. 0 2.60E-08 0 2.60E-08

241C F t; 0 0 0 2.80E-08
296AN p 1.20E-07

296AP F 11[ 6.60E-08

296AW -M IOE 2.80E-08 1.60E-07 1.50E-08

296AYAZ - (oE ^1 -1'FlE
^

5.30E-05 8.20E-06 5.70E-09 4.60E-05

241 S 5 r 0 8.20E-08 0 2.41 E-06
241SX F 0 8.00E-09 0 2.40E-07

241T 0 7.60E-08 0 2.30E-08

241TX -i-^ W 0 9.60E-08 0 0

241TY r ZW 8.OOE-09 1.10E-07

241U I.J 8.40E-08 0 2.44E-06

296SX 9 6Lo 9.10E-08

296SY 5+S > -FF:SL,J 8.10E-09 7.OOE-07

TANK FARM TOTALS O.00E+00 5.38E-05 O.00E+00 1.82E-05 2.88E-08 7.91E-07 4.60E-05

242A Evaporator - Periodic Operation 2.10E-05 1.20E-05

242A Evaporator - Continuous Operation 1.41 E-04 8.04E-05

Page 1



Routine Operations n _ , )

Tank Farm Emissions From Current Operations
138

Tank Farm 241-A (5 Single-Shell tanks) Avg Exit Velocity .0242 (ft/sec) Area 5(sq. ft)

Passive Ventilation Avg Exit Temperature 138 (F) Height 3 (ft) Total

Emissions Potential (Kg/yr) Actual (Kg/yr) Actual (Kg/hr) Concentration (g/m ) Area ()

Carbon Monoxide 3.38E+00 3.38E+00 3.86E-04 3.13E-02 5

Nitrogen Oxide 2.04E-01 2.04E-01 2.32E-05 1.88E-03 5

1,3-Butadiene 1.47E-02 1.47E-02 1.68E-06 1.36E-04 5

2-Hexanone 2.67E-01 2.67E-01 3.05E-05 2.47E-03 5

2-Pentanone 4.24E-01 4.24E-01 4.84E-05 3.92E-03 5

Acetone 5.09E+00 5.09E+00 5.81 E-04 4.71 E-02 5

Acetonitrile 2.45E+00 2.45E+00 2.80E-04 2.27E-02 5

Benzene 1.17E-01 1.17E-01 1.33E-05 1.08E-03 5

Heptane 2.99E-01 2.99E-01 3.42E-05 2.77E-03 5

Methyl N-Amyl Ketone 2.89E-01 2.89E-01 3.30E-05 2.68E-03 5

N-Hexane 3.12E-01 3.12E-01 3.56E-05 2.89E-03 5

Nonane 1.63E-01 1.63E-01 1.86E-05 1.51E-03 5

Octane 1.70E-01 1.70E-01 1.95E-05 1.58E-03 5

Toluene 2.37E-02 2.37E-02 2.71 E-06 2.20E-04 5

Ammonia 2.34E+01 2.34E+01 2.67E-03 2.17E-01 5

PhosphoricAcid, Tributyi Ester 6.12E-01 6.12E-01 6.99E-05 5.67E-03 5

(Ci/yr) (CVyr) (Ci/hr) (g/m )

Americium-241 Ci/yr 3.06E-07 O.00E+00 O.00E+00 O.00E+00 5

Cesium-137 Ci/yr 7.44E-05 3.20E-08 3.65E-12 3.43E-15 5

Plutonium-239 Ci/yr 1.53E-07 O.00E+00 O.00E+00 O.00E+00 5

Strontium-090 Ci/yr 1.96E-03 9.10E-07 1.04E-10 6.06E-14 5

7/6/96 Page 11 Current Emissions/EMISS.XLS



Routine Operations

Tank Farm 241-AX (4 Single-Shell tanks) Avg Exit Velocity .0225 (ft/sec) Area 4 (sq. ft)

Passive Ventilation Avg Exit Temperature 105.25 ( Height 3 (ft)

Emissions Potential (Kg/yr) Actual (Kglyr) Actual (Kg/hr) Concentration (g/m ) Area () Velocity (ft/s)

Carbon Monoxide 2.52E+00 2.48E+00 2.83E-04 3.08E-02 4 0.0225

Nitrogen Oxide 1.52E-01 1.52E-01 1.73E-05 1.89E-03 4 0.0225

1,3-Butadiene 1.10E-02 1.03E-02 1.18E-06 1.28E-04 4 0.0225

2-Hexanone 1.99E-01 1.99E-01 2.27E-05 2.48E-03 4 0.0225

2-Pentanone 3.16E-01 2.80E-01 3.19E-05 3.48E-03 4 0.0225

Acetone 3.80E+00 3.80E+00 4.33E-04 4.72E-02 4 0.0225

Acetonitrile 1.83E+00 1.83E+00 2.09E-04 2.28E-02 4 0.0225

Benzene 8.69E-02 8.69E-02 9.92E-06 1.08E-03 4 0.0225

Heptane 2.23E-01 2.23E-01 2.55E-05 2.77E-03 4 0.0225

Methyl N-Amyl Ketone 2.16E-01 2.16E-01 2.46E-05 2.68E-03 4 0.0225

N-Hexane 2.32E-01 2.32E-01 2.65E-05 2.89E-03 4 0.0225

Nonane 1.21E-01 1.21E-01 1.38E-05 1.51E-03 4 0.0225

Octane 1.27E-01 1.27E-01 1.45E-05 1.58E-03 4 0.0225

Toluene 1.77E-02 1.77E-02 2.02E-06 2.20E-04 4 0.0225

Ammonia 1.74E+01 1.74E+01 1.99E-03 2.17E-01 4 0.0225

Phosphoric Acid, Tributyl Ester 4.56E-01 4.56E-01 5.21 E-05 5.68E-03 4 0.0225

(Ci/yr) (Ci/yr) (Ci/hr) (g/m )

Americium-241 Ci/yr 2.28E-07 O.00E+00 O.00E+00 O.00E+00 4 0.0225

Cesium-137 Ci/yr 5.54E-05 2.60E-08 2.97E-12 3.74E-15 4 0.0225

Plutonium-239 Ci/yr 1.14E-07 0.00E+00 0.00E+00 0.00E+00 4 0.0225

Strontium-090 Ci/yr 1.46E-03 7.40E-07 8.45E-11 6.62E-14 4 0.0225

7/6/96 Page 11 Current Emissions/EMISS.XLS



Routine Operations

Tank Farm 241-B (16 Single-Shell tanks) Avg Exit Velocity..1938 (fUsec) Area 5.78 (sq. ft)
Passive Ventilation Avg Exit Temperature 66.94 (F Height 3(ft) Total Average

Emissions Potential (Kg/yr) Actual (Kg/yr) Actual (Kg/hr) Concentration (g/m ) Area () Velocity (ft/s)
Carbon Monoxide 9.62E+00 9.62E+00 1.10E-03 9.61E-03 5.78 0.1938125
Nitrogen Oxide 7.94E-01 5.79E-01 6.61 E-05 5.79E-04 5.78 0.1938125
1,3-Butadiene 4.18E-02 4.18E-02 4.77E-06 4.18E-05 5.78 0.1938125
2-Hexanone 7.60E-01 7.60E-01 8.68E-05 7.60E-04 5.78 0.1938125
2-Pentanone 1.21E+00 1.21E+00 1.38E-04 1.21E-03 5.78 0.1938125
Acetone 1.45E+01 1.45E+01 1.65E-03 1.45E-02 5.78 0.1938125
Acetonitrile 6.98E+00 6.98E+00 7.97E-04 6.98E-03 5.78 0.1938125
Benzene 3.32E-01 3.32E-01 3.79E-05 3.31 E-04 5.78 0.1938125
Heptane 8.51E-01 8.51E-01 9.72E-05 8.51 E-04 5.78 0.1938125
Methyl N-Amyl Ketone 8.23E-01 8.23E-01 9.40E-05 8.23E-04 5.78 0.1938125
N-Hexane 8.87E-01 8.87E-01 1.01E-04 8.87E-04 5.78 0.1938125
Nonane 4.62E-01 4.62E-01 5.28E-05 4.62E-04 5.78 0.1938125
Octane 4.85E-01 4.85E-01 5.53E-05 4.84E-04 5.78 0.1938125
Toluene 6.75E-02 6.75E-02 7.71E-06 6.75E-05 5.78 0.1938125
Ammonia 6.65E+01 6.65E+01 7.60E-03 6.65E-02 5.78 0.1938125
Phosphoric Acid, Tdbutyl Ester 1.74E+00 1.74E+00 1.99E-04 1.74E-03 5.78 0.1938125

(Cilyr) (Ci/yr) (Ci/hr) (g/m )
Americium-241 Ci/yr 8.34E-07 0.00E+00 0.00E+00 0.00E+00 5.78 0.1938125
Cesium-137 Ci/yr 2.03E-04 1.00E-07 1.14E-11 1.16E-15 5.78 0.1938125
Plutonium-239 Ci/yr 4.17E-07 0.00E+00 0.00E+00 0.00E+00 5.78 0.1938125
Strontium-090 Ci/yr 5.34E-03 2.71E-06 3.09E-10 1.95E-14 5.78 0.1938125
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Routine Operations

Tank Farm Emissions From Current Operations
67.75 70

Tank Farm 241-BX (12 Single-Shell tanks) Avg Exit Velocity .1595 (ft/sec) Area 6.12 (sq. ft)
Passive Ventilation Avg Exit Temperature 67.75 (F Height 3(ft)

Emissions Potential (Kg/yr) Actual (Kg/yr) Actual (Kg/hr) Concentration (g/m3) Area () Velocity (ft/s)

Carbon Monoxide 7.56E+00 7.56E+00 8.63E-04 8.67E-03 6.12 0.1595

Nitrogen Oxide 4.55E-01 4.55E-01 5.19E-05 5.22E-04 6.12 0.1595

1,3-Butadiene 3.29E-02 3.29E-02 3.75E-06 3.77E-05 6.12 0.1595

2-Hexanone 5.98E-01 5.98E-01 6.82E-05 6.86E-04 6.12 0.1595

2-Pentanone 9.48E-01 9.48E-01 1.08E-04 1.09E-03 6.12 0.1595

Acetone 1.14E+01 1.14E+01 1.30E-03 1.31E-02 6.12 0.1595

Acetonitrile 5.49E+00 5.49E+00 6.26E-04 6.29E-03 6.12 0.1595

Benzene 2.61E-01 2.61E-01 2.98E-05 2.99E-04 6.12 0.1595

Heptane 6.69E-01 6.69E-01 7.64E-05 7.67E-04 6.12 0.1595

Methyl N-Amyl Ketone 6.47E-01 6.47E-01 7.39E-05 7.42E-04 6.12 0.1595

N-Hexane 6.97E-01 6.97E-01 7.96E-05 8.OOE-04 6.12 0.1595

Nonane 3.64E-01 3.64E-01 4.15E-05 4.17E-04 6.12 0.1595

Octane 3.81 E-01 3.81 E-01 4.35E-05 4.37E-04 6.12 0.1595

Toluene 5.31E-02 5.31E-02 6.06E-06 6.09E-05 6.12 0.1595
Ammonia 5.23E+01 5.23E+01 5.97E-03 6.OOE-02 6.12 0.1595

PhosphoricAcid, Tributyl Ester 1.37E+00 1.37E+00 1.56E-04 1.57E-03 6.12 0.1595

(Ci/yr) (Ci/yr) (Ci/hr) (g/m )
Americium-241 Ci/yr O.00E+00 0.00E+00 O.00E+00 O.00E+00 6.12 0.1595

Cesium-137 Ci/yr 4.60E-04 2.33E-07 2.66E-11 3.09E-15 6.12 0.1595

Plutonium-239 Ci/yr O.00E+00 0.00E+00 O.00E+00 O.00E+00 6.12 0.1595
Strontium-090 Cilyr 1.17E-05 6.00E-09 6.85E-13 4.95E-17 6.12 0.1595
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Routine Operations

Tank Farm 241-BY (12 Single-Shell tanks) Avg Exit Velocity .06996 (ft/se Area 7.94 (sq. ft)
Passive Ventilation Avg Exit Temperature 95.83 (F Height 3(ft)

Emissions Potential (Kg/yr) Actual (Kg/yr) Actual (Kg/hr) Concentration (g/m ) Area (ft ) Velocity (ft/s)
Carbon Monoxide 4.06E+00 4.06E+00 4.63E-04 8.18E-03 7.94 0.069958333
Nitrogen Oxide 2.51E-01 2.51E-01 2.87E-05 5.06E-04 7.94 0.069958333
1,3-Butadiene 1.76E-02 1.76E-02 2.01E-06 3.55E-05 7.94 0.069958333
2-Hexanone 3.24E-01 3.24E-01 3.70E-05 6.53E-04 7.94 0.069958333
2-Pentanone 5.16E-01 5.16E-01 5.89E-05 1.04E-03 7.94 0.069958333
Acetone 6.16E+00 6.16E+00 7.03E-04 1.24E-02 7.94 0.069958333
Acetonitrile 2.95E+00 2.95E+00 3.37E-04 5.95E-03 7.94 0.069958333
Benzene 1.42E-01 1.42E-01 1.62E-05 2.86E-04 7.94 0.069958333
Heptane 3.69E-01 3.69E-01 4.21 E-05 7.43E-04 7.94 0.069958333
Methyl N-Amyl Ketone 3.50E-01 3.50E-01 4.00E-05 7.06E-04 7.94 0.069958333
N-Hexane 3.96E-01 3.96E-01 4.52E-05 7.98E-04 7.94 0.069958333
Nonane 1.97E-01 1.97E-01 2.25E-05 3.98E-04 7.94 0.069958333
Octane 2.09E-01 2.09E-01 2.39E-05 4.22E-04 7.94 0.069958333
Toluene 3.12E-02 3.12E-02 3.57E-06 6.30E-05 7.94 0.069958333
Ammonia 3.13E+01 3.13E+01 3.58E-03 6.32E-02 7.94 0.069958333
Phosphoric Acid, Tributyi Ester 7.33E-01 7.33E-01 8.37E-05 1.48E-03 7.94 0.069958333

(Ci/yr) (Cilyr) (Ci/hr) (g/m )
Americium-241 Ci/yr 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.94 0.069958333
Cesium-137 Ci/yr 4.35E-05 2.60E-08 2.97E-12 6.07E-16 7.94 0.069958333
Plutonium-239 Ci/yr 1.30E-08 O.OOE+00 O.00E+00 O.00E+00 7.94 0.069958333
Strontium-090 Ci/yr 5.01E-05 2.60E-08 2.97E-12 3.77E-16 7.94 0.069958333
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Routine Operations

Tank Farm 241-C (13 Sing le-Shell tanks) Avg Exit Velocity .01854 (ft/se Area 12.79 (sq. ft)

Passive Ventilation Avg Exit Temperature 78.08 (F Height 3 (ft) Total Average

Emissions Potential (Kg/yr) Actual (Kg/yr) Actual (Kg/hr) Concentration (g/m ) Area (ft ) Velocity (ft/s)

Carbon Monoxide 5.77E+00 5.77E+00 6.59E-04 3.09E-02 10.79 0.019363636

Nitrogen Oxide 3.95E-01 3.95E-01 4.51E-05 1.87E-03 12.79 0.018538462

1,3-Butadiene 2.51E-02 2.51E-02 2.87E-06 1.35E-04 10.79 0.019363636

2-Hexanone 4.56E-01 4.56E-01 5.21E-05 2.45E-03 10.79 0.019363636

2-Pentanone 7.24E-01 7.24E-01 8.26E-05 3.88E-03 10.79 0.019363636

Acetone 8.70E+00 8.70E+00 9.93E-04 4.66E-02 10.79 0.019363636

Acetonitrile 4.19E+00 4.19E+00 4.78E-04 2.25E-02 10.79 0.019363636

Benzene 1.99E-01 1.99E-01 2.27E-05 1.07E-03 10.79 0.019363636

Heptane 5.11E-01 5.11E-01 5.83E-05 2.74E-03 10.79 0.019363636

Methyl N-Amyl Ketone 4.93E-01 4.93E-01 5.63E-05 2.64E-03 10.79 0.019363636

N-Hexane 5.32E-01 5.32E-01 6.08E-05 2.85E-03 10.79 0.019363636

Nonane 2.78E-01 2.78E-01 3.17E-05 1.49E-03 10.79 0.019363636

Octane 2.91E-01 2.91 E-01 3.32E-05 1.56E-03 10.79 0.019363636

Toluene 4.05E-02 4.05E-02 4.62E-06 2.17E-04 10.79 0.019363636

Ammonia 4.55E+01 4.55E+01 5.19E-03 2.15E-01 12.79 0.018538462

PhosphoricAcid, Tributyl Ester 1.05E+00 1.05E+00 1.19E-04 5.60E-03 10.79 0.019363636

(Ci/yr) (Ci/yr) (Ci/hr) (g/m )
Americium-241 Ci/yr 1.18E-07 0.00E+00 0.00E+00 0.00E+00 12.79 0.018538462

Cesium-137 Ci/yr 4.35E-06 0.00E+00 0.00E+00 0.00E+00 12.79 0.018538462

Plutonium-239 Ci/yr 1.42E-06 0.00E+00 0.00E+00 0.00E+00 12.79 0.018538462

Strontium-090 Ci/yr 5.10E-05 2.80E-08 3.20E-12 1.08E-15 12.79 0.018538462
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Routine Operations

Tank Farm Emissions From Current Operations

296-AN 8 Source Emissions Roll-Up Avg Exit Velocity 18.2 (ft/sec) Area.54 (sq. ft)

Active Ventilation Avg Exit Temperature 110 (F) Height 14.92 (ft)

Emissions Potential (Kg/yr) Actual (Kg/yr) Actual (Kg/hr) Concentration (g/m ) Area () Velocity (ft/s)

Nitrogen Oxide 3.63E-01 3.63E-01 4.14E-05 4.13E-05 0.54 18.2

1, 3-Butadiene 2.62E-02 2.62E-02 2.99E-06 2.99E-06 0.54 18.2

2-Hexanone 4.77E-01 4.77E-01 5.45E-05 5.44E-05 0.54 18.2

2-Pentanone 7.58E-01 7.58E-01 8.65E-05 8.63E-05 0.54 18.2

Acetone 9.07E+00 9.07E+00 1.04E-03 1.03E-03 0.54 18.2

Acetonitrile 4.38E+00 4.38E+00 5.00E-04 4.99E-04 0.54 18.2

Benzene 2.08E-01 2.08E-01 2.37E-05 2.37E-05 0.54 18.2

Heptane 5.33E-01 5.33E-01 6.09E-05 6.08E-05 0.54 18.2

Methyl N-Amyl Ketone 5.16E-01 5.16E-01 5.89E-05 5.88E-05 0.54 18.2

N-Hexane 5.56E-01 5.56E-01 6.35E-05 6.34E-05 0.54 18.2

Nonane 2.90E-01 2.90E-01 3.31E-05 3.31E-05 0.54 18.2

Octane 3.04E-01 3.04E-01 3.47E-05 3.46E-05 0.54 18.2

Toluene 4.24E-02 4.24E-02 4.84E-06 4.83E-06 0.54 18.2

Ci/yr Ci/hr grams/mA3
Strontium-90 1.20E-07 1.37E-11 9.84E-17 0.54 18.2

Total Alpha None Detected 0.54 18.2

Tank Farm Emissions From Current Operations
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Routine Operations

296-AP 9 Source Emissions Roll-Up Avg Exit Velocity 35.8 (ff/sec) Area.54 (sq. ft)
Active Ventilation Avg Exit Temperature 110 (F) Height 13.33 (ft)

Emissions Potential (Kg/yr) Actual (Kg/yr) Actual (Kg/hr) Concentration (g/m ) Area (ft ) Velocity (ft/s)
Nitrogen Oxide 4.15E-01 4.15E-01 4.74E-05 2.41 E-05 0.54 35.8
1, 3-Butadiene 2.99E-02 2.99E-02 3.42E-06 1.73E-06 0.54 35.8
2-Hexanone 5.45E-01 5.45E-01 6.22E-05 3.16E-05 0.54 35.8
2-Pentanone 8.65E-01 8.65E-01 9.88E-05 5.01E-05 0.54 35.8
Acetone 1.04E+01 1.04E+01 1.19E-03 6.04E-04 0.54 35.8
Acetonitrile 5.01E+00 5.01E+00 5.72E-04 2.90E-04 0.54 35.8
Benzene 2.38E-01 2.38E-01 2.71E-05 1.38E-05 0.54 35.8
Heptane 6.10E-01 6.10E-01 6.96E-05 3.53E-05 0.54 35.8
Methyl N-Amyl Ketone 5.90E-01 5.90E-01 6.73E-05 3.42E-05 0.54 35.8
N-Hexane 6.36E-01 6.36E-01 7.26E-05 3.68E-05 0.54 35.8
Nonane 3.31E-01 3.31E-01 3.78E-05 1.92E-05 0.54 35.8
Octane 3.47E-01 3.47E-01 3.97E-05 2.01E-05 0.54 35.8
Toluene 4.84E-02 4.84E-02 5.53E-06 2.81 E-06 0.54 35.8

Ci/yr Ci/hr grams/mA3
Strontium-90 6.60E-08 7.53E-12 2.75E-17 0.54 35.8
Tank Farm Emissions From Current Operations
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Routine Operations

296-AW 7 Source Emissions Roll-Up Avg Exit Velocity 30 (ft/sec) Area.54 (sq. ft)

Active Ventilation Avg Exit Temperature 110 (F) Height 15.75 (ft)

Emissions Potential (Kg/yr) Actual (Kg/yr) Actual (Kg/hr) Concentration (g/m ) Area () Velocity (ft/s)

Nitrogen Oxide 3.11E-01 3.11E-01 3.55E-05 2.15E-05 0.54 30

1, 3-Butadiene 2.25E-02 2.25E-02 2.57E-06 1.56E-06 0.54 30

2-Hexanone 4.09E-01 4.09E-01 4.67E-05 2.83E-05 0.54 30

2-Pentanone 6.50E-01 6.50E-01 7.42E-05 4.49E-05 0.54 30

Acetone 7.79E+00 7.79E+00 8.90E-04 5.39E-04 0.54 30

Acetonitrile 3.76E+00 3.76E+00 4.29E-04 2.60E-04 0.54 30

Benzene 1.79E-01 1.79E-01 2.04E-05 1.24E-05 0.54 30

Heptane 4.57E-01 4.57E-01 5.22E-05 3.16E-05 0.54 30

Methyl N-Amyl Ketone 4.43E-01 4.43E-01 5.05E-05 3.06E-05 0.54 30

N-Hexane 4.77E-01 4.77E-01 5.45E-05 3.30E-05 0.54 30

Nonane 2.49E-01 2.49E-01 2.84E-05 1.72E-05 0.54 30

Octane 2.60E-01 2.60E-01 2.97E-05 1.80E-05 0.54 30

Toluene 3.63E-02 3.63E-02 4.14E-06 2.51 E-06 0.54 30

Ci/yr Ci/hr grams/m^3
Cesium-137 2.80E-08 3.20E-12 2.24E-17 0.54 30
Strontium-90 1.60E-07 1.83E-1 1 7.96E-17 0.54 30

Total Alpha (Pu-239) 1.50E-08 1.71 E-12 1.68E-14 0.54 30

Tank Farm Emissions From Current Operations
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Routine Operations

296-AYAZ 5 Source Emissions Roll-Up Avg Exit Velocity 31.91 (ft/sec) Area 1.77 (sq. ft)
Active Ventilation Avg Exit Temperature 110 (F) Height 50 (ft)

Emissions Potential (Kg/yr) Actual (Kg/yr) Actual (Kg/hr) Concentration (g/m3) Area () Velocity (ft/s)
Nitrogen Oxide 2.08E-01 2.08E-01 2.37E-05 4.12E-06 1.77 31.91
1, 3-Butadiene 1.50E-02 1.50E-02 1.71 E-06 2.97E-07 1.77 31.91
2-Hexanone 2.73E-01 2.73E-01 3.12E-05 5.41E-06 1.77 31.91
2-Pentanone 4.33E-01 4.33E-01 4.94E-05 8.58E-06 1.77 31.91
Acetone 5.20E+00 5.20E+00 5.93E-04 1.03E-04 1.77 31.91
Acetonitrile 2.50E+00 2.50E+00 2.86E-04 4.96E-05 1.77 31.91
Benzene 1.19E-01 1.19E-01 1.36E-05 2.36E-06 1.77 31.91
Heptane 3.05E-01 3.05E-01 3.48E-05 6.04E-06 1.77 31.91
Methyl N-Amyl Ketone 2.95E-01 2.95E-01 3.37E-05 5.85E-06 1.77 31.91
N-Hexane 3.18E-01 3.18E-01 3.64E-05 6.31E-06 1.77 31.91
Nonane 1.66E-01 1.66E-01 1.90E-05 3.29E-06 1.77 31.91
Octane 1.74E-01 1.74E-01 1.99E-05 3.45E-06 1.77 31.91
Toluene 2.42E-02 2.42E-02 2.77E-06 4.80E-07 1.77 31.91

Ci/yr Ci/hr grams/mA3
Cesium-137 5.30E-05 6.05E-09 1.22E-14 1.77 31.91
Strontium-90 8.20E-06 9.36E-10 1.17E-15 1.77 31.91
lodine-129 4.60E-05 5.25E-09 5.18E-09 1.77 31.91
Total Alpha (Pu-239) 5.70E-09 6.51E-13 1.83E-15 1.77 31.91
Tank Farm Emissions From Current Operations
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Routine Operations

242A 6 Source Emissions Roll-UP Avg Exit Velocity 37.8 (ft/sec) Area 9.62 (sq. ft)
Active Ventilation Avg Exit Temperature 117 (F) Height 22 (ft)

Operating release
Continuous Ops Periodic Ops Periodic Ops Continuous Concentration

Emissions Potential (tons/yr) Actual (tonstyr) Actual (kgmr) Actual (kg/hr) g/m^3 Area () Velocity (ft/s)
2-Hexanone 3.80E-04 2.88E-05 2.98E-06 3.94E-05 1.06E-06 9.62 37.8
Acetone 1.06E-01 7.98E-03 8.27E-04 1.10E-02 2.97E-04 9.62 37.8
Methyl Isobutyl Ketone 7.25E-03 5.44E-04 5.64E-05 -7.51E-0 2.03E-05 9.62 37.8
N-Butyl Alcohol 8.00E-01 6.00E-02 6.22E-03 8.29E-02 2.24E-03 9.62 37.8
Ammonia 1.00E-01 7.51E 3 7.78E-04 1.04E-02 2.80E-04 9.62 37.8

Ci/yr /4u, Ci/yr q Ci/hr . grams/mA3
Total Alpha (Ci) (Pu) 1.41 E-04 2.10E-05 1.61 E-08 7.OOE-12 9.62 37.8
Total Beta (Ci) (Sr-90) 8.04E-05 1.20E-05 9.18E-09 1.78E-15 9.62 37.8
note: total alpha and beta taken from WHC-SD-WM-EV-o99 and are from 1987 evaporator operations ( 11 MM gal run, Capacity=73.6 MM gal/yr so continuous ops =6.7 times periodic)
note: evaporator emissions are the sum of the building ventilation and the vessel vent systems which each have a stack. The shorter stack was chosen as the release point for all emissions.
Tank Farm Emissions From Current Operations
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Routine Operations

Avg Exit Velocity .36 (ft/s) Area 1.08 (ft2)
241-S Tank Farm (12 Single-Shell Tanks) Avg Exit Temperature 94.2 (F) Height 3 (ft)

Passive Ventilation

Emissions Potential (Kg/yr) Actual (Kg/yr) Actual (Kg/hr) Concentration (g/m3) Area (ft2) Velocity (ft/s)

Carbon Monoxide 1.14E-02 1.14E-02 1.30E-06 3.28E-05 1.08 0.36
Nitrogen Oxide 6.86E-04 7.44E-04 8.49E-08 2.14E-06 1.08 0.36
1,3-Butadiene 4.96E-05 5.37E-05 6.13E-09 1.55E-07 1.08 0.36

2-Hexanone 9.01E-04 9.76E-04 1.11E-07 2.81E-06 1.08 0.36

2-Pentanone 1.43E-03 1.55E-03 1.77E-07 4.46E-06 1.08 0.36
Acetone 1.72E-02 1.86E-02 2.12E-06 5.35E-05 1.08 0.36
Acetonitrile 8.27E-03 8.96E-03 1.02E-06 2.58E-05 1.08 0.36
Benzene 3.94E-04 4.26E-04 4.87E-08 1.23E-06 1.08 0.36

Heptane 1.01E-03 1.09E-03 1.25E-07. 3.15E-06 1.08 0.36

Methyl N-Amyl Ketone 9.76E-04 1.06E-03 1.21E-07 3.04E-06 1.08 0.36
N-Hexane 1.05E-03 1.14E-03 1.30E-07 3.28E-06 1.08 0.36

Nonane 5.48E-04 5.94E-04 6.78E-08 1.71 E-06 1.08 0.36

Octane 5.75E-04 6.23E-04 7.11E-08 1.79E-06 1.08 0.36

Toluene 8.OOE-05 8.67E-05 9.90E-09 2.50E-07 1.08 0.36

Ammonia 7.88E-02 8.54E-02 9.75E-06 2.46E-04 1.08 0.36
Phosphoric Acid, Tributyl Ester 1.91 E-03 2.24E-03 2.55E-07 6.44E-06 1.08 0.36

(Ci/yr) (Ci/yr) (Ci/hr) (g/m3)
Americium-241 9.36E-07 0.00E+00 0.00E+00 0.00E+00 1.08 0.36

Cesium 137 2.28E-04 8.20E-08 9.36E-12 2.73E-15 1.08 0.36
Plutonium-239 4.68E-07 0.00E+00 0.00E+00 0.00E+00 1.08 0.36

Strontium-090 6.OOE-03 2.41E-06 2.75E-10 4.99E-14 1.08 0.36

7/6/96 Page 11 Current Emissions/EMISS.XLS



Routine Operations

Tank Farm Emissions From Current Operations

241-SX Tank Farm (2 Sing le-Shell Tanks) Avg Exit Velocity . 014 (ft/s) Area 2 (ft2)
Passive Ventilation Avg Exit Temperature 76.5 (F) Height 3 (ft)

Emissions Potential ( Kg/yr) Actual ( Kg/yr) Actual (Kg/hr) Concentration (g/m3) Area (ft2) Velocity (ft/s)

Carbon Monoxide 8.78E-04 8.78E-04 1.00E-07 3.51 E-05 2 0.014

Nitrogen Oxide 5.28E-05 5.28E-05 6.03E-09 2.11E-06 2 0.014

1,3-Butadiene 3.82E-06 3.82E-06 4.36E-10 1.53E-07 2 0.014

2-Hexanone 6.94E-05 6.94E-05 7.92E-09 2.78E-06 2 0.014

2-Pentanone 1.10E-04 1.10E-04 1.26E-08 4.41E-06 2 0.014

Acetone 1.32E-03 1.32E-03 1.51E-07 5.30E-05 2 0.014

Acetonitrile 6.38E-04 6.38E-04 7.28E-08 2.55E-05 2 0.014

Benzene 3.02E-05 3.02E-05 . 3.45E-09 1.21E-06 2 0.014

Heptane 7.78E-05 7.78E-05 8.88E-09 3.11E-06 2 0.014

Methyl N-Amyl Ketone 7.52E-05 7.52E-05 8.58E-09 3.01E-06 2 0.014

N-Hexane 8.10E-05 8.10E-05 9.25E-09 3.24E-06 2 0.014

Nonane 4.22E-05 4.22E-05 4.82E-09 1.69E-06 2 0.014

Octane 4.42E-05 4.42E-05 5.05E-09 1.77E-06 2 0.014

Toluene 6.16E-06 6.16E-06 7.03E-10 2.46E-07 2 0.014

Ammonia 6.08E-03 6.08E-03 6.94E-07 2.43E-04 2 0.014

Phosphoric Acid, Tributyl Ester 1.59E-04 1.59E-04 1.82E-08 6.36E-06 2 0.014
(Ci/yr) (Ci/yr) (Ci/hr) (g/m3)

Americium-241 7.20E-08 0.00E+00 0.00E+00 0.00E+00 2 0.014

Cesium 137 1.74E-05 8.00E-09 9.13E-13 3.70E-15 2 0.014

Plutonium-239 3.60E-08 0.00E+00 0.00E+00 0.00E+00 2 0.014

Strontium-090 4.60E-04 2.40E-07 2.74E-11 6.91E-14 2 0.014
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Routine Operations

Tank Farm Emissions From Current Operations

241-T Tank Farm (16 Single-Shell Tanks) Avg Exit Velocity .0246 (ftfs) Area 16 (ft2)
Passive Ventilation Avg Exit Temperature 65.2 (F) Height 3(ft)

Emissions Potential (Kg/yr) Actual (Kg/yr) Actual (Kg/hr) Concentration (g/m3) Area (ft2) Velocity (ft/s)
Carbon Monoxide 1.21E-02 1.21E-02 1.39E-06 3.45E-05 16 0.024625
Nitrogen Oxide 7.30E-04 7.30E-04 8.34E-08 2.08E-06 16 0.024625
1,3-Butadiene 5.28E-05 5.28E-05 6.02E-09 1.50E-07 16 0.024625
2-Hexanone 9.59E-04 9.59E-04 1.09E-07 2.73E-06 16 0.024625
2-Pentanone 1.52E-03 1.52E-03 1.74E-07 4.32E-06 16 0.024625
Acetone 1.83E-02 1.83E-02 2.09E-06 5.19E-05 16 0.024625
Acetonitrile 8.80E-03 8.80E-03 1.01E-06 2.50E-05 16 0.024625
Benzene 4.19E-04 4.19E-04 4.78E-08 1.19E-06 16 0.024625
Heptane 1.07E-03 1.07E-03 1.23E-07 3.05E-06 16 0.024625
Methyl N-Amyl Ketone 1.04E-03 1.04E-03 1.19E-07 2.95E-06 16 0.024625
N-Hexane 1.12E-03 1.12E-03 1.28E-07 3.18E-06 16 0.024625
Nonane 5.84E-04 5.84E-04 6.66E-08 1.66E-06 16 0.024625
Octane 6.12E-04 6.12E-04 6.98E-08 1.74E-06 16 0.024625
Toluene 8.52E-05 8.52E-05 9.72E-09 2.42E-07 16 0.024625
Ammonia 8.39E-02 8.39E-02 9.58E-06 2.39E-04 16 0.024625
PhosphoricAcid,TributylEster 3.75E-03 2.20E-03 2.51 E-07 6.24E-06 16 0.024625

(Ci/yr) (Ci/yr) (Ci/hr) (g/m3)
Americium-241 0.00E+00 0.00E+00 0.00E+00 0.00E+00 16 0.024625
Cesium 137 1.68E-04 7.60E-08 8.68E-12 2.50E-15 16 0.024625
Plutonium-239 3.60E-08 0.00E+00 0.00E+00 0.00E+00 16 0.024625
Strontium-090 3.84E-05 2.30E-08 2.63E-12 4.70E-16 16 0.024625

16 0.024625
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Routine Operations

Tank Farm Emissions From Current Operations

241-TX Tank Farm (18 Single-Shell Tanks) Avg Exit Velocity..1816 (ft/s) Area 5.82 (ft2)
Passive Ventilation Avg Exit Temperature 72.3 (F) Height 3 (ft)

Emissions Potential (Kglyr) Actual (Kg/yr) Actual (Kg/hr) Concentration (gIm3) Area (ft2) Velocity (ft/s)
Carbon Monoxide 1.06E-02 1.06E-02 1.21E-06 1.13E-05 5.82 0.18155
Nitrogen Oxide 6.91 E-04 6.91E-04 7.89E-08 7.32E-07 5.82 0.18155
1,3-Butadiene 4.58E-05 4.58E-05 5.23E-09 4.85E-08 5.82 0.18155
2-Hexanone 8.32E-04 8.32E-04 9.50E-08 8.82E-07 5.82 0.18155
2-Pentanone 1.32E-03 1.32E-03 1.51E-07 1.40E-06 5.82 0.18155
Acetone 1.59E-02 1.59E-02 1.81E-06 1.68E-05 5.82 0.18155
Acetonitrile 7.64E-03 7.64E-03 8.73E-07 8.10E-06 5.82 0.18155
Benzene 3.63E-04 3.63E-04 4.15E-08 3.85E-07 5.82 0.18155
Heptane 9.32E-04 9.32E-04 1.06E-07 9.88E-07 5.82 0.18155
Methyl N-Amyl Ketone 9.01 E-04 9.01 E-04 1.03E-07 9.55E-07 5.82 0.18155
N-Hexane 9.71 E-04 9.71 E-04 1.11 E-07 1.03E-06 5.82 0.18155
Nonane 5.06E-04 5.06E-04 5.78E-08 5.37E-07 5.82 0.18155
Octane 5.31E-04 5.31E-04 6.06E-08 5.62E-07 5.82 0.18155
Carbon Tetrachloride 3.91E-06 3.91 E-06 4.46E-10 1.35E-07 0.09 0.36
Ethyl Butyl Ketone 1.31E-05 1.31E-05 1.50E-09 4.53E-07 0.09 0.36
Methyl Chloride 5.78E-07 5.78E-07 6.60E-11 2.OOE-08 0.09 0.36
Tetrahydrofuran 1.01E-06 1.01E-06 1.15E-10 3.49E-08 0.09 0.36
Toluene 3.91E-06 3.91E-06 4.46E-10 4.14E-09 5.82 0.18155
Ammonia 1.31E-05 1.31E-05 1.50E-09 1.39E-08 5.82 0.18155
PhosphoricAcid, Tributyl Ester 5.78E-07 5.78E-07 6.60E-11 6.13E-10 5.82 0.18155

(Ci/yr) (Ci/yr) (Ci/hr) (g/m3)
Americium-241 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.82 0.18155
Cesium 137 1.85E-04 9.60E-08 1.10E-11 1.18E-15 5.82 0.18155
Plutonium-239 1.70E-08 0.00E+00 0.00E+00 0.00E+00 5.82 0.18155
Strontium-090 2.84E-07 0.00E+00 0.00E+00 0.00E+00 5.82 0.18155
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Routine Operations

Tank Farm Emissions From Current Operations

241-TY Tank Farm (6 Single-Shell Tanks) Avg Exit Velocity.0253 (ftfs) Area 5.79 (ft2)
Passive Ventilation Avg Exit Temperature 66.0 (F) Height 3 (ft)

Emissions Potential (Kg/yr) Actual (Kg/yr) Actual (Kg/hr) Concentration (g/m3) Area (ft2) Velocity (ft/s)
Carbon Monoxide 4.68E-03 4.68E-03 5.34E-07 3.57E-05 5.79 0.025333333
Nitrogen Oxide 2.82E-04 2.82E-04 3.21 E-08 2.15E-06 5.79 0.025333333
1,3-Butadiene 2.03E-05 2.03E-05 2.32E-09 1.55E-07 5.79 0.025333333
2-Hexanone 3.70E-04 3.70E-04 4.22E-08 2.82E-06 5.79 0.025333333
2-Pentanone 5.86E-04 5.86E-04 6.69E-08 4.48E-06 5.79 0.025333333
Acetone 7.04E-03 7.04E-03 8.04E-07 5.38E-05 5.79 0.025333333
Acetonitrile 3.39E-03 3.39E-03 3.87E-07 2.59E-05 5.79 0.025333333
Benzene 1.61 E-04 1.61 E-04 1.84E-08 1.23E-06 5.79 0.025333333
Heptane 4.14E-04 4.14E-04 4.72E-08 3.16E-06 5.79 0.025333333
Methyl N-Amyl Ketone 4.OOE-04 4.OOE-04 4.57E-08 3.06E-06 5.79 0.025333333
N-Hexane 4.31 E-04 4.31E-04 4.92E-08 3.29E-06 5.79 0.025333333
Nonane 2.25E-04 2.25E-04 2.57E-08 1.72E-06 5.79 0.025333333
Octane 2.36E-04 2.36E-04 2.69E-08 1.80E-06 5.79 0.025333333
Toluene 3.28E-05 3.28E-05 3.75E-09 2.51E-07 5.79 0.025333333
Ammonia 3.24E-02 3.24E-02 3.69E-06 2.47E-04 5.79 0.025333333
Phosphoric Acid, Tributyl Ester 8.47E-04 8.47E-04 9.67E-08 6.47E-06 5.79 0.025333333

(Ci/yr) (Ci/yr) (Ci/hr) (g/m3)
Americium-241 0.00E+00 0.00E+00 0.00E+00 0.00E+00 5.79 0.025333333
Cesium 137 1.18E-05 8.OOE-09 9.13E-13 7.07E-16 5.79 0.025333333
Plutonium-239 6.00E-09 0.00E+00 0.00E+00 0.00E+00 5.79 0.025333333
Strontium-090 2.17E-04 1.10E-07 1.26E-11 6.04E-15 5.79 0.025333333
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Routine Operations

Tank Farm Emissions From Current Operations

241-U Tank Farm (16 Single-Shell Tanks) Avg Exit Velocity .0236 (ft/s) Area 16.0 (ft2)
Passive Ventilation Avg Exit Temperature 75.6 (F) Height 3 (ft)

Emissions Potential (Kg/yr) Actual (Kg/yr) Actual (Kg/hr) Concentration (g/m3) Area (ft2) Velocity (ft/s)
Carbon Monoxide 1.16E-02 1.16E-02 1.33E-06 3.45E-05 16 0.0235625
Nitrogen Oxide 7.OOE-04 7.OOE-04 7.99E-08 2.08E-06 16 0.0235625
1,3-Butadiene 5.05E-05 5.05E-05 5.77E-09 1.50E-07 16 0.0235625
2-Hexanone 9.19E-04 9.19E-04 1.05E-07 2.73E-06 16 0.0235625
2-Pentanone 1.46E-03 1.46E-03 1.66E-07 4.33E-06 16 0.0235625
Acetone 1.75E-02 1.75E-02 2.OOE-06 5.20E-05 16 0.0235625
Acetonitrile 8.43E-03 8.43E-03 9.63E-07 2.51E-05 16 0.0235625
Benzene 1.08E-03 1.08E-03 1.23E-07 3.21E-06 16 0.0235625
Heptane 1.03E-03 1.03E-03 1.17E-07 3.05E-06 16 0.0235625
Methyl N-Amyl Ketone 9.95E-04 9.95E-04 1.14E-07 2.96E-06 16 0.0235625
N-Hexane 1.07E-03 1.07E-03 1.22E-07 3.18E-06 16 0.0235625
Nonane 5.59E-04 5.59E-04 6.38E-08 1.66E-06 16 0.0235625
Octane 5.86E-04 5.86E-04 6.69E-08 1.74E-06 16 0.0235625
Toluene 7.49E-05 7.49E-05 8.55E-09 2.23E-07 16 0.0235625
Ammonia 8.04E-02 8.04E-02 9.18E-06 2.39E-04 16 0.0235625
Phosphoric Acid, Tributyl Ester 2.10E-03 2.10E-03 2.40E-07 6.25E-06 16 0.0235625

(Ci/yr) (Ci/yr) (Ci/hr) (g/m3)

Americium-241 9.54E-07 0.00E+00 0.00E+00 0.00E+00 16 0.0235625
Cesium 137 2.32E-04 8.40E-08 9.59E-12 2.89E-15 16 0.0235625
Plutonium-239 4.77E-07 0.00E+00 6.00E+00 0.00E+00 16 0.0235625
Strontium-090 6.11E-03 2.44E-06 2.79E-1 0 5.21E-14 16 0.0235625
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Routine Operations

Tank Farm Emissions From Current Operations

296-SX 14 Source Emissions Roll-Up Avg Exit Velocity 10.6 (ft/s) Area 9.62 (ft2)
Passive Ventilation Avg Exit Temperature 165 (F) Height 15 (ft)

Emissions Potential (Kg/yr) Actual (Kg/yr) Actual (Kg/hr) Concentration (g/m3) Area (ft2) Velocity (ft/s)
Carbon Monoxide 2.24E-01 2.24E-01 2.56E-05 2.46E-06 9.62 10.6
Nitrogen Oxide 7.43E-04 7.43E-04 8.48E-08 8.16E-09 9.62 10.6
1,3-Butadiene 5.36E-05 5.36E-05 6.12E-09 5.89E-10 9.62 10.6
2-Hexanone 9.77E-04 9.77E-04 1.12E-07 1.07E-08 9.62 10.6
2-Pentanone 1.55E-03 1.55E-03 1.77E-07 1.70E-08 9.62 10.6
Acetone 1.86E-02 1.86E-02 2.12E-06 2.04E-07 9.62 10.6
Acetonitrile 8.96E-03 8.96E-03 1.02E-06 9.84E-08 9.62 10.6
Benzene 4.26E-04 4.26E-04 4.86E-08 4.68E-09 9.62 10.6
Heptane 1.09E-03 1.09E-03 1.24E-07 1.20E-08 9.62 10.6
Methyl N-Amyl Ketone 1.06E-03 1.06E-03 1.21E-07 1.16E-08 9.62 10.6
N-Hexane 1.14E-03 1.14E-03 1.30E-07 1.25E-08 9.62 10.6
Nonane 5.94E-04 5.94E-04 6.78E-08 6.52E-09 9.62 10.6
Octane 6.23E-04 6.23E-04 7.11E-08 6.84E-09 9.62 10.6
Toluene 8.67E-05 8.67E-05 9.90E-09 9.52E-10 9.62 10.6
Ammonia 4.17E+00 4.17E+00 4.76E-04 4.58E-05 9.62 10.6
PhosphoricAcid, Tributyl Ester 2.24E-03 2.24E-03 2.56E-07 2.46E-08 9.62 10.6
Total Alpha None Detected
Total Beta 9.10E-08 1.04E-11 9.62 10.6
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Routine Operations

Tank Farm Emissions From Current Operations

296-SY 4 Source Emissions Roll-Up Avg Exit Velocity 33.3 (ft/s) Area .35 (ft2)
Passive Ventilation Avg Exit Temperature 110 (F) Height 11 (ft)

Emissions Potential (Kg/yr) Actual (Kg/yr) Actual (Kg/hr) Concentration (g/m3) Area (ft2) Velocity (fUs)
Carbon Monoxide 5.16E-02 5.16E-02 5.89E-06 4.96E-06 0.35 33.3
Nitrogen Oxide 1.72E-04 1.72E-04 1.96E-08 1.65E-08 0.35 33.3
1,3-Butadiene 1.24E-05 1.24E-05 1.42E-09 1.19E-09 0.35 33.3
2-Hexanone 2.25E-04 2.25E-04 2.57E-08 2.16E-08 0.35 33.3
2-Pentanone 3.58E-04 3.58E-04 4.09E-08 3.44E-08 0.35 33.3
Acetone 4.30E-03 4.30E-03 4.91E-07 4.13E-07 0.35 33.3
Acetonitrile 2.07E-03 2.07E-03 2.36E-07 1.99E-07 0.35 33.3
Benzene 9.83E-05 9.83E-05 1.12E-08 9.44E-09 0.35 33.3
Heptane 2.52E-04 2.52E-04 2.88E-08 2.42E-08 0.35 33.3
Methyl N-Amyl Ketone 2.44E-04 2.44E-04 2.79E-08 2.34E-08 0.35 33.3
N-Hexane 2.63E-04 2.63E-04 3.OOE-08 2.53E-08 0.35 33.3
Nonane 1.37E-04 1.37E-04 1.56E-08 1.32E-08 0.35 33.3
Octane 1.44E-04 1.44E-04 1.64E-08 1.38E-08 0.35 33.3
Toluene 2.OOE-05 2.00E-05 2.28E-09 1.92E-09 0.35 33.3
Ammonia 9.63E-01 9.63E-01 1.10E-04 9.25E-05 0.35 33.3
Phosphoric Acid, Tributyt Ester 5.15E-04 5.16E-04 5.89E-08 4.96E-08 0.35 33.3
Total Alpha 8.1E-09 9.25E-13
Total Beta 7.00E-07 7.99E-11
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Stein, David

From: Stein, David
To: Henderson, Colin
Subject: Capsule Alternatives Cost Revision(Repository Fee Change)
Date: Monday, March 18, 1996 1:54PM

Incorporating the revised Repository Fee method ($360,000 per canister) results in the following for the Capsule
Aiternatives:

CAPSULE ALTERNATIVES
OVERPACK AND SHIP VITRIFY WITH TANK WASTE
(millions) (millions)

Curfent Operations $377

R&D $14

Capital $32

Operating $34

M&M -

D$D • $6

Repository Fee S34< iZ4

Total $'^ef 5g7
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Assumptions 'P;^ Z/25

1. HLW glass for any of the ex situ alternatives involving separations is calculated at

20 wt % waste oxides. The waste oxides exclude silica and sodium.

2. The HLW for the No Separations case is calculated at 20 wt % sodium oxide.

Note: EA glass limits are 17% Na20 and 4.3% Li20 and each Li20 is equivalent to 2

Na20 so the EA glass is equivalent to 25 % Na20 without any Li20. The privatization RFP

states that the HLW glass will be 25 wt % waste oxides not counting the Na20 or Si02.

3. The LAW glass composition is calculated at 15 wt % Na20.

4. The canister size for all HLW is set at 1.17 m"3 ( 2X canister), except No

Separations Vit and Calcination HLW canister is 10 m"3

5. The material balances contained in the WHC data packages were used to calculate

the waste oxides for the HLW and LAW streams.

6. Sensitivity analysis will be done for the Intermediate Separations alternative at 15 wt %,

and 40 wt % waste oxide loading.

7. The material balance for the Intermediate Separations case was used for the Phased

Implementation alternative and was modified by using the Extensive Separations material balance

separations efficiencies for Tc, and TRU elements.

8. For purposes of interim onsite storage and transportation to the repository 4 of the 2x

and 1 of the 10 m'3 canisters are assumed to be placed into an HMPC

or similar packaging and would be repackaged at the repository.

9. The Intermediate Separations and Phased Implementation alt. Cs/Ba, Sr/Y inventory in the

LAW stream was taken from calculation for LAW vault inventory revisions for FEIS.

Cs+Ba=10 MCi, Sr+Y=6.8 MCi.

10. The Combination alternatives were developed by summing the chemical and radiological

constituents in the tanks that would be retrieved, converting the chemicals to waste oxides,

apportioning the waste oxides between HLW and LAW based on the same separations percentage

as the Intermediate Separations flowsheet, adding the waste oxides together

and calculating the mass of HLW and LAW similar to the other alternatives.
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No Separations ^ 3/Zs

Assumptions: I ( I
1. HLW glass waste oxide loading basis to be 20 wt% sodium oxides

2. Using the WHC engineering data package material balance calculate the waste oxide loading

and adjust mass of the glass produced to achieve a 20 wt % sodium oxide loading

Input Frit Output

Streami stream407 stream437

liquids solids

Volume Idlo-liters 5.85E+05

Specific Gravity 1.21E+00

Cs and Ba, (MCi) 6.28E+01 5.28E+00 6.79E+01

Sr and Y, (MCi) 2.10E+00 1.05E+02 1.07E+02

Tc, (MCi) 2.61E-02 5.89E-03 3.18E-02

Am, (MCi) 8.61E-03 9.51E-02 1.04E-01

Np, (MCi) 1.03E-05 9.29E-05 1.03E-04

Pu-239, (MCi) 1.67E-03 2.47E-02 2.64E-02

Pu-240, (MCi) 4.14E-04 6.28E-03 6.70E-03

Pu-241,(MCi) 1.49E-03 7.34E-02 7.48E-02

Total TRU, (MCi) 1.22E-02 2.00E-01 2.12E-01

Total MCi 6.49E+01 1.11E+02 1.76E+02

Total Mass Flow (MT) 7.10E+05 1.94E+04 2.50E+05 3.57E+05

Total Cr, (MT) 5.15E+01 1.32E+02 1.84E+02

Total Na, (MT) 6.51E+04 1.24E+03 6.63E+04

Total Si, (MT) 5.65E+00 5.24E+02 9.56E+04 9.61E+04

Total P, (MT) 8.42E+02 7.8OE+02 1.62E+03

Total N02-, (MT) 9.54E+03 7.38E+01

Total N03-, (MT) 1.06E+05 1.03E+03

AG+ 3.28E-01 1.38E+00

AG20 1.83E+00

AL+3 2.37E+03

AL203 I.OOE+04 1.79E+04

AL(OH)4- 4.83E+03

AM+3 2.51E-03 2.77E-02

AM203 3.32E-02

AS+5 7.70E-01 4.98E-01

AS2O5 1.95E+00

B+3 5.19E-01 9.94E-01

B203 4.87E+00

BA+2 7.91E-01 3.09E+00

BAO 4.33E+00

BE+2 8.19E-02 7.61E-03 1
BEO 2.48E-01

BI+3 6.76E+0I 1.96E+02

B1203 2.94E+02

C14 7.43E-04 4.53E-04

CA+2 1.67E+01 1.33E+02

CANCRINITE 2.70E+03

CAO 3.55E+04 3.58E+04

CD+2 2.09E+00 7.93E+00 1
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No Separations ?b 4/-L5

CDO . I I 1.14E+01 1 (
CE+3 2.37E+00 2.35E+02 - ^ I I
CE203 2.78E+02

CL- 3.I1E+02 3.49E+00

CL2
CO
C02
C03-2 3.37E+03 2.25E+02
CR+3 1.32E+02
CR203 2.68E+02
CR(OH)4- 1.19E+02

CS+ 8.19E-01 9.25E-02
CS20 9.65E-01

CU+2 1.77E-01 7.46E-01

CUO 1.16E+00
CUS04
F- 1.12E+03 5.97E+01
F2
FE+3 1.44E+01 7.63E+02
FE203 1.23E+03
H2

H20 5.07E+05
H2S
HG
HG+2 9.49E-01 9.OOE-03
I- 5.46E+02 2.02E+01
12
K+ 2.19E-01 2.10E+01
K20 2.56E+01
KEROSENE
LA+3 2.19E-01 2.10E+01
LA203 2.49E+01
LI+ 5.77E-03 2.46E-02
L120 6.53E-02
MG+2 9.65E-01 1.10E+01
MGO 1.98E+01
MNO2 2.17E+01 2.09E+02 2.31E+02
MO+6 4.87E+00 8.01E-01
M003 8.51E+00
N2
NA+ 6.51E+04 7.77E+02
NA20 8.94E+04
NH3

NI+3 4.07E+00 6.57E+00
NI2FECN6 5.00E+02
N1203 I.SOE+01
NIO 2.27E+02
NO
NO2
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No Separations pg 5/2s

N02- 9.54E+03 1 7.38E+01 1 I
N03- 1.06E+05 ; 1.03E+03 1
NP+4 1.46E-02 1.32E-01

NPO2 1.66E-01

02

OH- 6.44E+03 5.OOE+03
PB+4 1.96E+00 3.28E+00

PBO2 6.05E+00

P04-3 2.58E+03 2.39E+03

P205 3.71E+03

P205:24W 5.21E-01

PU+4 2.88E-02 4.27E-0I

PU02 5.16E-01

S
SI+4 5.65E+00 7.90E+01

SI02 2.04E+05 2.06E+05

S02
S04-2 2.01E+03 3.97E+01

SR+2 3.75E-01 3.64E+01

SRO 4.33E+01

TCO2
TCO4- 2.52E+00; 5.68E-01;

TC207 2.94E+00

TOC 1.42E+011 1.16E+021

UO2+2 8.52E+01, 1.58E+03'

U03 1.76E+03
V+5 6.20E-02; 1.88E-01!

V205 4.46E-01

W+6 7.47E-0 ! j

W02 4.41E-01

W03 9.42E-01

ZN+2 3.59E+00', 9.45E-011

ZNO 5.65E+00

ZR+4 4.48E-0 l 2.77E+02

ZRO2 7.07E+02
ZRO2:2H2 2.15E+O1 4.09E+02

WHC data package basis:
mass waste oxides i 1.08E+05
waste loading (wt%) 30%

sodium oxide loading I 25%
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No Separations j3f (o'Zt;

20 wt. % sodium oxide loading

Blending factor 1 1.2 1.5 2 3.5

Mass of glass required to achieve 20% sodium loading, M 4.47E+05 5.36E+05 6.71E+05 8.94E+05 1564500

additional ftit required (equals increased glass) MT 9.00E+04 1.79E+05 3.14E+05 5.37E+05 1.21E+06

total glass formers required, MT 3.40E+05 4.29E+05 5.64E+05 7.87E+05 1.46E+06

Waste Loading (Na2O wt. %) 20% 17% 13% 10% 6%

Waste Loading (waste oxides) 24% 20% 16% 12% 7%

glass density (MT/m"3) 2.63

cullet packing fraction 0.7

Waste volume (m"3) 2.43E+05 2.91E+05 3.64E+05 4.86E+05 8.50E+05

Canister Volume (m"3) 10
1

Number of Canisters (lx) 2.43E+04 2.91E+04 3.64E+04 4.86E+04 8.50E+04

Number of Canisters per HMPC

Number of HMPCs 2.43E+04 2.91E+04 3.64E+04 4.86E+04 8.50E+04

Number of trips Cd 10 HMPCs /trip 2.43E+03 2.91E+03 3.64E+03 4.86E+03 8.50E+03

Fa iliw-, wn

Schedule 14 yrs
Capacity MT/day 200

Overall efficiency, %, based on 14 yrs @ 200 mt/day 441% 32-°GG 46,°6 8:74 I33,b
Required capacity MT/day (assuming 14 yrs ops, 60% OE) 4^5 24-9 M 340

Required operating duration yrs (assuming 200 MT/day, 60% OE) 12 ;3-3-b 20 36

Required operating duration (including 2 yrs start up) 14
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Intermediate Separations ?,.. 7/-zx..

Assum tions: I

I. HLW glass waste oxide loading basis to be -20 wt9e waste oxides (excluding Na20 and SiO2) following a 1.2 blendin factor

2. Using the WHC engineering data package material balance calculate the waste oxide loading

and adjust mass of the glass produced to achieve a 20 we % waste oxide loading

3. LAW glass sodium oxide loading is is to be 15 wt%

'
Input Stream LAW HLW HLW fraction

STREAM 1 407 437 314 344 (mass in HLW/

solids liquids FRIT GLASS FRIT GLASS total mass)

Volume kilo-li[ers

Specific Gravity

Cs and Ba, (MCi) 5:18E+00 6.28E+01 1.00E+01 5.81E+01 8.53E-01

Sr and Y, (MCi) 1.05E+02 2.I0E+00 6.80E+00 1.00E+02 9.37E-01

Tc. (MCi) 5.89E-03 2.61E-02 2.59E-02 5.91E-03 1.86E-01

Am,(MCi) 9.51E-02 8.61E-03 8.60E-03 9.52E-02 9.17E-01

Np. (MCi) 9.29E-05 1.03E-05 I.03FE05 9.29E-05 9.00E-01

Pu-239, (MCi) 2.47E-02 1.67E-03 1.67E-03 2.47E-02 9.37E-01

Pu-240, (MCi) 6.28E-03 4.146-04 4.14E-04 6.28E-03 9.38E-01

Pu-24I,(MCi)

Total TRU, (MCi)
Total MCi

7.34E-02
2.00E-01

1.1 IE+02

1.49E-03
1.22E-02

6.49E+01

1.48E-03
1.22E-02

2.43E+00

7.34E-02
2.00E-01
1.736+02

9.80E-01
9.43E-01
9.86E-01

Total Mass Flow (MT) 1.94E+04 7.IOE+05 2.81E+05 3.87E+05 1.36E+04 2.51E+04

Total Cr, (MT) 1.32E+02 5.15E+01 1.446+02 3.96E+01 2.16E-0I

Taul Na- (MT) 1.24E+03 6.5IE+04 7.186+04 2.33E+03 3.14E-02

Total Si. (MT) 5.24E+02 5.65E+00 1.07E+05 1.07E+05 5.29E+03 5.83E+03

Total P, (MT) 7.80E+02 8.42E+02 1.35E+03 2.72E+02 1.68E-01

Total N02-, (MT) 7.38E+01 9.54E+03

Total N03-, (MT) 1.03E+03 1.06E+05

AG+ 1.38E+00 3.28E-01

AG20 3.52E-01 1.48E+00 8.08E-01

AL+3 2.37E+03

AL203 1.32E+04 I.94E+04 1.73E+03 2.18E-01

AU0H)4- 4.83E+03

AM+3 2.77E-02 2.51E-03

AM203 2.76E-03 3.05E-02 9.17E-01

AS+5 4.98E-01 7.70E-01
AS205 1.18E+00 7.66E-01 3.9413-01

B+3 9.94E-01 5.19E-01

B203 1.67E+00 1.75E+03 1.76E+03 8.57E-01

BA+2 3.09E+00 7.91E-01
BAO 8.81E-01 3.458+00 7.97E-01

BE+2 7.61E-03 8.19E-02
BEO 2.27E-01 2.16E-02 8.69E-02

13I+3 1.96E+02 6.76E+01

B1203 7.52E+01 2.19E+02 7.44E-01

CI4 4.53E-04 7.43E-04

CA+2 1.33E+02 1.67E+01

CANCRINITE 2.70E+03

CAO 3.87E+04 3.87E+04 I.89E+02

CD+2 7.93E+00 2.09E+00

CDO 2.38E+00 9.06E+00 7.92E-0I

CE+3 2.35E+02 2.37E+00

CE203 2.79E+00 2.76E+02 9.90E-01

CL- 3.49E+00 3.IIE+02

CL2
CO
C02
C03-2 2.25E+02 3.37E+03
CR+3 1.32E+02

CR203 2.11E+02 5.79E+01 2.158-0 I

CR(OH)4- I.I9E+02

CS+ 9.25E-02 8.19E-01
C820 6.83E-03 9.58E-01 9.93E-0I

CU+2 7.46E-01 I.77E-01

CUO 2.21E-01 9.34E-01 8.09E-01

CUSO4
F- 5.97E+01 1.12E+03

F2
FE+3 7.63E+02 1.44E+01

FE20; 2.06E+01 1.21E+03 9.83E-0I

H2
H20 5.07E+05

H2$
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Intermediate Separations t ^^z5

HG I i I
HG+2 9.00E-03 9.49E-01 - ! I i I

1- I 2.02E+01 5.46E+02 1
12
K+ 2.10E+01 2.19E-011

K20 I ! ! 2.65E-01 2.53E+01 9:AIG-01

KEROSENE
LA+3 2.10E+01 2.19E-01

LA203 j 2.58E-01 2.46E+01 9.90E-01

LI+ 2.46E-02 5.77E-03

LI20 1.24E-02 5.00E+02 5.036+02 9.96E-01

MG+2 1.I0E+01 9.65E-01

MGO 1.60E+00 1.88E+01 9.22E-01

MN02 2.09E+02 2.17E+01I 2.16E+011 2.098+02! 916E111

MO+6 8.01E-01 4.87E+00

M003 7.298+00 1.22E+00 1.43E-01

N2
NA+ 7.77E+02 6.51E+04

NA20 9.68E+04 3.14E+03 3.14E-02

NH3
NI+3 6.57E+00 4.07E+00

N12FECN6 5.00E+02
N1203 5.72E+00 9.27E+01 6.18E-01

NIO 1.50E-02 2.27E+02 I.00E+00

NO
N02
N02- 7.38E+01 9.546+03
N03- I.03E+03 I.06E+05
NP+4 1.32E-01 1.46E-02
NP02 1.666-02 1.5013-01 9.006-01

02
OH- 5.00E+03 6.44E+03

PB+4 3.286+00 1.96E+00
P602 2.26E+00 3.79E+00 6.26E-01

P04-3 2.39E+03 2.58E+03
P205 3.09E+03 6.22E+02 1.68E-01

P205:24W 5.21E-01
PU+4 4.27E-01 2.88E-02

PU02 3.26E-02 4.84E-01 9.37E-01

S
51+4 7.90E+01 5.65E+00

S102 2.29E+05 2.29E+05 1.13E+04 1.25E+04 1.00E+00

S02
S04-2 3.97E+01 2.01E+03
SR+2 3.64E+01 3.75E-01
SRO 4.00E-0I 4.29E+01 9.91E-01

TC02
TC04- 5.68E-0I 2.52E+00

TC207 2.39E+00 5.45E-0I I.86E-01

TOC 1.16E+02 1.42E+03
U02+2 1.58E+03 8.52E+01

U03 9.02E+01 1.67E+03 9.49E-01

V+5 1.88E-0I 6.20E-02
V205 1. 1 IE-01 3.35E-01 7.51E-0 1

W+6 7.47E-01
W02 2.91E-05 4.4113-01 1.00E+00

W03 9.40E-01 2.06E-03 2.196-03
ZN+2 9.45E-01 3.59E+00
ZNO 4.46E+00 1.19E+00 2.I1E0 I

ZR+4 2.77E+02 4.48E-0I

ZRO2 6.49E-01 6.90E+02 9.99E-01

ZRO2:2H2 4.09E+02 2.15E+01

WHC Data Pickaee Bas'r

Mass LAW waste oxides 106544.7302

LAW waste loading (waste oxide) 28%

LAW waste loading (sodium oxide) 25%

Mass HLW waste oxides 7.26E+03

HLW waste loading (waste oxides)
HLW WOL (- Na2O, - Si02) 29%

HLW WOL (all tank waste ) 46%

HLW
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Intermediate Separations

?0 M 9e waatc nr de loadine ^ ^ I

Blending factor I ^ I 1. 2 1.5

_

2; 3.5!

Mass of glass required for 12.200'lung' can r0 1.2 Blend . MT 31287.18607 37544.62324 46930.77905 62574.37207i 109505.151 I;

additional frit required (equals increased glass) MT 6.19E+03 1.24E+04 2.18E+04 3.75E+04 8.44E+04 1

total frit required, MT ^ 1.98E+04 2.60E+04 3.54E+04 5.I IE+04 9.80E+04

WOL(-Na_O,-Si02) i 23% 20% 15% 12% 7%

WOL(withalltaN:wastes) 1 37% 31% 25% 18% 11%

glass density (MT/ni 3) 2.63

cullec packing fraction 0.7 (LAW only)

Waste volume (m 3) 1.19E+04 I.43E+04 I 78E+04 2.38E+04 4.16E+04

Canister Volume (m3) 1.17

Number of Canisters (2x) 1.02E+04 1.22E+04 1.53E+04 2.03E+04 3.56E+04

Nu. of Canisters /HMPC 4

Number of HMPCs 2.54E+07 3.OSE+03 3.81E+07 S.OSC+(13 tl'H1E+113

Number of trips ® 10 HMPCs /trip 254 305 381 508 890

HI W Facility S'zlne

Schedule 14 yrs

Capacity MT/day 20

Overall efficiency, % 34% 37% 46-% 61-% 07-x

Required capacity MT/day (assuming 1 4 yrs ops, 60% OE) 4620 12.25 +53i 4Q.4F 3.5,32

Required operating duration yrs (assuming 20 MT/day, 60% OE) 9 +0a-f 7429 23^8

Required operating duration, yrs. including 2 yrs. smrt up 11

15 M% waste oxide loading

Mass of glass required to achieve 15%'wo loading MT 4.84E+04 5.81E+04 7.26E+04 9.68G+04 1.69E+05

Volume (ni3)
1 1111

L84E+04
1.576+04

2.21E+04
1.89E+04

2.76E+04
2.36E+04

3.68E+04
3.I5E+04

6.44E+04
5.50E+04 ^

Additional Glass Farmers Req, MT 2.33E+04 3.30E+04 4.75E+04 7.17E+04 1 A4E+05

Total Glass Formers, MT 3.69E+04 4.66E+04 6.1 IE+04 8.53E+04 1.58E+05

40 wt % waste oxide loading
Mass of g la required to achieve 40% wo loading MT 1.81E+04 2.18E+04 2.726+04 3.63E+04 6.35E+04

Volume(m3)
Number of Canisters (Ix)
Additional Glass Formers Req, MT

6.90E+03
5.90E+03
-6.95E+03

8.28E+03
7.08E+03
-3.32E+03

1.03E+04
8.85E+03

2.126+03

1.38E+04
1.18E+04
1.12E+04

2.41E+04
2.06E+04
3.84E+04

Total Glass Formers Req. MT 6.65E+03 1.03E+04 1.57E+04 2.48E+04 5.20E+04

I F9g% <od'um oeide lozdinet

Blending factor 1 1.25 1.5 2 3.5

Mass of glass required to achieve 15% wo loading. MT 6.45E+05 8.07E+05 9.68E+05 1.29E+06 2.26E+06

additional frit required (equals increased glass) MT 2.58E+05 4.20E+05 5.81E+05 9.04E+05 1.87E+06

total frit requireQ MT 5.39E+05 7.01E+05 8.62E+05 1.18E+06 2.15E+06

glass density (MT/m'3) 2.63

cullet packing fraction 0.7

Wastevolume(m3) 3.51E+05 3.81E+05 4.68E+05 6.43E+05 1.17E+06

Number of 5300 rri 3 vaults 66 72 88 121 221

LAW facility sizing
Schedule, years 14

Capacity MT/day 200
a

Overall efficiency, % ^ ^% ^'%
Re uired capacity MT/day (assumine 14 yrs ops, 60 % OE) 210.48 263-F0 b1-5.7^2 42BA6 7-36'68

Required operazing duntion yrs (ossuming 200 MT/d,ry. 60% OE) 15 7942 ??.-F9 29:42 3157
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hnennediale Separations P^ lo/2S

Required operating duration, yrs (with 2 yrs start up)

10 wT. %<od'um oxide lastd' re

Blending factor i I 1.25 '-i 3.5!

Mass of glass required to achieve 10 9.68E+05 1.21E+06 1.94E+06 3.39E+06

Additional Glass Formers , MT 5.81E+05 8.23E+05 1.55E+06 3.00E+06

Total Glass Formers, MT 8.62E+05 1.10E+06 1.83E+06 3.28G+06j

Waste volmne, m3 I 5.26E+05 6.57E+05 1.05E+06 1.84E+061

Number of 5.300 m3 vaults I 99 124 1981 347

I
25 M % andfr m oelde loadine

Blending factor 1
Mass of ¢Iass required to achive 25 on % Na20

Additional Glan Formers, MT

1
3.87E+05
0.00E+00

1.25
4.84E+05
9.70E+04

2
7.74E+05
3.87E+05

3.5
1.36E+061
9.68E+05

Total Glass Formers, MT

Wasm Volume

2.81E+05
210320.478

3.78E+05
262900.5975

6.68E+05
420640.956

1.25C+06
736121.677

Number of 5.300 in 3 vaults 40 50 79 139
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Extensive Separations Pb I I/zs

Assumptions: I I I
1. HLW glass waste oxide loading basis to be -20 wt% waste oxides (excluding Na2O and SiO2) following a 1.2 blending factor
2. Using the WHC engineering data package material balance calculate the waste oxide loading
and adjust mass of the glass produced to achieve a 20 wt % waste oxide loading ^
not counting the SiO2 or the Na2O I

Input Stream LAW HLW ^ HLW fraction
STREAM 1 407 437 1314 1344
solids liquids IFR1T GLASS FRIT GLASS

Volume kilo-liters 5.84E+05
Specific Gravity 1.21E+00
Cs and Ba. (MCi) 7.60E+00 6.72E+01 6.86E-02 7.46E+01 0.997326203
Sr and Y. (MCi) 1.37E+02 1.41E+00 1.40E-02 1.37E+02 0.989812875
Tc,(MCi) 5.89E-03 2.61E-02 1.53E-04 3.17E-02 0.990934667

Am. (MCi)
Np, (MCI)
Pu-239, (MCi)
Pu-240, (MCi)
Pu-241,(MC)
Total TRU, (MCi) 1.92E-01 152E-02 120E-03 2.06E-01 0.994208494
Total MCi 1.45E+02 6.87E+01 8.39E-02 2.12E+02 0.992044923
Total Mass Flow (M4) 2.37E+04 7.06E+05 2.65E+05 3.86E+05 8.73E+02 1.32E+03
Total Cr, (MT)
Total Na, (MY)
Total Si, (MT)
Total P, (M'n
Total N02-. (MT)
Total N03-, (Mn
AG+ 1.38E+00 328E-01
AG20 4.07E-01 1.43E+00
AL+3 2.37E+03
AL203 1.16E+04 1.93E+04 1.94E+02
AL(OH)4- 4.83E+03
AM+3 2.77E-02 2.51E-03
AP.t203 3.41E-05 3.32E-02
APM- 3.44E-03
AS+5 4.98E-01 7.70E-01
AS?05 4.33E-01 1.51E+00
B+3 9.94E-03 5.19E-01
B203 4.82E+00 1.22E+02 1.22E+02
BA+2 3.09E+00 7.91E-01
BAO 8.76E-01 3.46E+00
8E+2 7.61E-03 8.19EA2
BEO 5.53E-02 1.93E-01
61+3 1.96E+02 6.76E+01
B12103 2.90E+02 3.45E+00
C14 4.53E-04 7.43E-04
CA+2 1.33E+02 1.67E+01
CANCRMITE 2.70E+03
CAO 3.84E+04 3.86E+04 2.34E+00
CD+2 7.93E+00 2.09E+00
CDO 1.13E+01 1.26E-01
CE+3 2.35E+02 2.37E+00
CE203 2.75E+02 3.40E+00
CL- 3.49E+00 3.11E+02
CL2
CO
C02
C03-2 2.25E+02 3.37E+03
CR+3 1.32E+02
CR203 2.67E+02 I 1.38E+00
CR(OH)4- 1.19E+02 I
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Extensive Sepazations pz^ IZ/ZS

CS+ 9?5E-021 8.I9E-0 11 I I i

CS20 ^ 8.85E-04 9.64E-01

CU+2 7.46E-011 1.77E-0Ij j

CUO 2.57E-0 I 8.99E-01

CUSO4
F- 5.97E+0I 1.12E+03

F2 j
FE+3 7.63E+02 1.44E+01

FE203 3.74E+03 4.24E+01

H2
1120 5.07E+05 2.1IE-04 1.10E+00

H2S
HG
HG+2 9.00E-03 9.49E-01

HGO 2.07E+00

I- 2.02E+01 5.46E+02

12
K+ 2.I0E+01 2.19E-01
g20 2.55E+01 2.34E-02

KEROSENE
LA+3 2.10E+01 2.19E-01

LA203 2.46E+01 3.04H-01

LI+ 2.46E-02 5.77E-03

1120 6.53E-02 1.32E+01 1.32E+01

Mp+2 1.10E+01 ! 9.65E-0I1

MGp 1.96E+01 2.20E-01

MN02 2.09E+02 ' 2.17E+011 2.31E+02 1.08E-01

MO+6 8.01E-01 ! 1.37E+00:

M003 1.03E+01 9.24E-02

N2

NA+ 331E+03; 6:6E+04

NA20 9.65E+04 2.40E+O1 6.59E+01

NH3
NI+3 6.57E+00i 4 07E+00,

NI2FECN6 5.00E+02

N1203 2.62E+02 2.82E+00

^p ! 1.06E-03 1.20E+00

NO
N02
N02- 7.38E+01; 95aE+03!

N03- 1.03E+03'106E+05!

NP+4 t.46E-0211.32E-01
NP02

i
6.52E-03 1.66E-01

02
OH- 6.80E+03. 164E+03!

PB+4 3.28E+00. 196E+00;

pB02 1.35E+00 4.71E+00

P04-3 2.39E+03; 2.58E+031 I

P205 I 3.68E+03 3.96E+01

P205:24W 5.2IE-011
PU+4 4.27E-0 I! 288E-02i

PU02 5.42E-03 5.11E-0I

S
SI+4 7.90E+01', 5 65E+00;

8102 ! I 2.15E+05 2.16E+05 7.13E+02 7.52E+02

S02
S03 I 6.22E+03 1.92E-03

S04-2 3.97E+01I 2 01E+0P

SR+2 3.64E+01: 3 75E-01

SRO I 4.41E-03 4.33H+01

TC02
TC04- 5.68E-01^ 2.5:Et00

TC207 1.41E-02 2.92E+00

617/96 2:40 PM Page 2 Extensive Sepazationc



Extensive Separations 1:>b 13/-z-s

II02 ! I I 3.16E-021 3.5IE-04'

TOC 1.16E+021 1.42E+03 I ! I

U02+2 1.58E+031 8.52E+01 ! 1

U03 I 2.77E+001

U308 I 1.08E+00 1.15E-02

V+5 1.88E-011 6.20E-02

V205 9.92E-02 ! 3.47E-01

W+6 7.47E-01
µ.02 1.09E-06 2.26E-041

W03 2.10E-01 7.33E-01

ZN+2 9.45E-01 3.59E+00

ZNO 3.17E+01 4.31E-01

ZR+4 2.77E+02 4.48E-01
ZRO2 6.99E+02 ^ 8.55E+00

ZRO2!Lli2 4.09E+02 2.15E+01

Mass LAW waste oxides 121198.787

LAW waste loading (waste oxides) 31 %

LAW waste loading (sodium oxide) 25%

Mass HLW waste oxides 3.42E+02

HLW waste loading(-Na.-Si) 26%

HLW WOL (all tank waste) 34%

HLW

20 wt. To w xre orid 1 sdin

Blending factor 1 1.2 1.5 2I 3.5

Mass of glass required to achieve 20% wo loading. MT 1462.562899 1755.075479 2193.844349 2925.125815118.9170148 1

additional frit required (equals increased glass) MT 1.43E+02 4.35E+02 8.74E+02 1.61E+03I 3.80E+03

total frit required, MT 1.02E+03 1.31E+03 1.75E+03 2.48E+031 4.67E+03

WOL(-Na,-Si) 23% 20% 16% 12%1 7%

WOL(alltankwaste) 31% 25% 20% 1590 9%

glass density (MT/m'3) 2.63

cullet packing fraction 0.7 (LAW only)

Wastevolume(m"3) 5.56E+02 6.67E+02 8.34E+02 1.11E+031.95E+03

Canister Volume (m'3) 1.17

Number of Canisters (2x) 4.75E+02 5.70E+02 7.13E+02 9.51E+021 1.66E+03

Nu. of Canisters /f^C 4

NumberofHMPCs 1.19E+02 1.43E+02 1.78E+02 2.38E+02 4.16E+02

Number of trips ® 10 HIvIPCs /trip 12 14 18 24 42

Bi.W Facility Sizin¢

Schedule 14 yrs

Capacity MT/day 1

Overall ef8ciexy, %
Required capacity MT/day (assuming 14 yrs ops. 60% OE)

2"
0.48

344
0-57 643 &9SI '1^7

Required operating duration yrs (assuming 1 MT/day, 60% oE) 8 49-93 43-36 2•3?+

Required operating duration , yrs (includes 2 yrs start up) 10

LAW

15 wt. % sodium oxide loading

Blending factor 1 1.25 1.5 21 3.5 1

Mass of glass required to achieve 15% wo loading, MT 6.43E+05 8.04E+05 9.65E+05 1.29E+062.25E+06

additional frit required (equals increased glass) MT 2.57E+05 4.18E+05 5.79E+05 9.O1E+051 1.87E+06

total frit required, MT 5.22E+05 6.83E+05 8.44E+05 I.17E+06^ 2.1JE+06
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Extensive Separations f^6 I 4/-Z S

I I I I
glass density (MT/m^3) 2.63 1 I

cullet packing fraction 0.7 1

1
Waste volume (m"3) 3.49Et05 4.37E+05 5.24E+05 6.99E+05 1.22E+06

Number of 5300 m'3 vaults 66 83 99 132 231

LAW facility sizing

Schedule, years 19

Capacity MT/day 200

Overall efficiency. % 44'b 38% 76fG 93-t6 142-f6

Required capacity MT/day (assuming 19 yrs ops, 60% OE) 04.6} -14326 231 .93 308-22 $41-:14

Required operating duration yrs (assuming 200 MT/day. 60% OE) 15 48,36 ;2.03 29:38 34,A

Required operation duration, yrs (including 2 yrs start up) 17
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Combo I P^s1slzs

iAssumptions: I i I

1. HLW glass waste oxide loading basis to be- 20 wt% waste oxides with a 1.2 blending factor (excluding Na20 and Si02)

2. Using the WHC engineering data package material balance calculate the waste oxide loading

and adjust mass of the glass produced to achieve a 20 wt % waste oxide loading

3. LAW glass sodium oxide loading basis is to be 15 wt%

Input Stream LAW HLW HLW fraction

STREAM 1 converted to 407 437 314 344 from Int. Sep.

oxides FR1T GLASS FR1T GLASS

Volume kilo-ltters

Specific Gravity

Cs and Ba, (MCi) 6.66E+01 9.78E+00 5.68E+01 8.53E-01

Sr and Y, (MCi) 8.29E+01 5.26E+00 7.76E+01 9.37E-01

Tc, (MCi)

Am,(MCi)

Np, (MCi)

Pu-239, (MCi)

Pu-240, (MCi)

2.94E-02

7.98E-02

1.38E-04

1.66E-04

4.08E-03

2.39E-02

6.61E-03

1.38E-05

1.05E-05

2.52E-04

5.46E-03

7.32E-02

1.24E-04

1.55E-04

3.83E-03

1.86E-01

9.17E-01

9.00E-01

9.37E-01

9.38E-01

Pu-241,(MCi)

Total TRU, (MCi)

4.67E-02

1.48E-01

9.23E-04

8.51E-03

4.58E-02

1.39E-0I

9.80E-01

9.43E-01

Total MCi 1.50E+08 2.08E+06 1.48E+08 9.86E-0 1

Total Mass Flow (MT) 3.28E+05 1.17E+04

Total Cr, (MT)
.216E-01

Total Na, (MT)
3.14E-02

Total Si, (MT)

Total P, (MT)
L68E-Ot

Total N02-, (MT)

Total N03-, (MT)
AG+ 0.50337
AG20 5.41E-01 1.04E-01 4.37E-01 8.08E-0 1

AL+3 1681.486

AL203 6.38E+03 1.54E+04 2.04E+04 1.39E+03 2.18E-01

AL(OH)4- 5968.793

AM+3

AM203
9.I7E-01

AS+5 1.0285

A5205 1.58E+00 9.56E-01 6.21E-01 3.94E-01

B+3 0.6485

B203 2.09E+00 2.99E-01 1.51E+03 I.S1E+03 8.57E-01

BA+2 1.1804

BAO 1.32E+00 2.68E-01 1.05E+00 7.97E-01

8E+2 131.8917

BEO 3.66E+02 3.35E+02 3.18E+01 8.69E-02

B1+3 2.21859

B1203 2.47E+00 6.32E-01 1.84E+00 7.44E-01

C14

CA+2 62.2086

CANCRINITE
CAO 8.71E+01 4.52E+04 4.52E+04 7.85E+01 9.02E-01

CD+2 5.6576

CDO 6.46E+00 1.34E+00 5.12E+00 7.92E-01

CE+3 153.1929

CE203 1.79E+02 1.80E+00 1.78E+02 9.90E-01

CL- 260.9235

CL2

CO
C02

C03-2 2240.289

CR+3 64.3875

CR203 9.63E+01 7.56E+01 2.07E+01 2.15E-01

CR(OH)4- 102.4395

CS+
CS20 0.00E+00 9.93E-01

CU+2 0.4759

CUO 5.96E-01 1 14E-01 4.82E-01 8.09E-01
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Combo I Pb 101zs

CUSO4
F- 739.15031

F2
FE+3 509.9566
FE203 . 7.29E+02 1.22E+01 I 7.17E+02 9.83E-01

H2
H20

H2S
HG

HG+2 0.7113

I-

I2

K+ 353.40021
K20 4.21E+02 4.37E+00 4.17E+02 9.90E-01

KEROSENE
LA+3 3.1199

LA203 3.66E+00 3.80E-02 3.62E+00 9.90E-01

LI+ 0.0243 1
LI20 5.21E-02 2.14EA4 4.31E+02 4.31E+021 9.96E-01

MG+2 1.173

MGO 8.92E-01 7.00E-02 812E-01 9.22E-01

MN02 105.73 1.67E+02 1.57E+01 1.52E+02 9.06E-01

M0+6 5.0199 I

M003 7.53E+00 6.45E+00 1.08E+00 1.43E-01

N2

NA+ 45382.16

NA20 6.12E+04 5.92E+04 1.92E+03 3.14E-02

NH3

NI+3 137.5048

NI2FECN6 223.597

N1203 2.50E+02 9.54E+01 1.55E+02 6.18E-01

NIO 1.00E+00

NO
N02

N02- 6495.108

N03- 7I426.9
NP+4

NP02 9.00E-01

02

OH- 5131.203

PB+4 3.OO14

P802 3.47E+00 1.29E+00 2.17E+00 6.26E-01

P04-3 2824.588

P205 2.11E+03 1.76E+03 3.54E+02 1.68E-01

P205:24W

PU+4

PU02 9.37E-01

S

SI+4

S102 890.9147 7.03E+02 2.67E+05 2.67E+05 9.72E+03 1.04E+04 1.00E+00

S02
S04-2 1597.07

SR+2 31.928

SRO 3.77E+01 3.49E-01 3.74E+01 9.91E-01

TC02
TC04-
TC207 1.86E-01

TOC 931.291

U02+2 1.5866
U03 1.59E+03 8.13E+01 1.50E+03 9.49E-01

V+S 0.0694
V205 I.24E-01 7.51E-01

W+6 11.328

W02 1.00E+00

W03 1.43E+01 1.43E+01 3.128-02 2.19EA3
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Combo l Fa t 7/^5

ZN+2 2.9658 i 1 I
ZNO 1 3.69E+00 1 . 2.91E+00 1 7.77E-01:- 2.11E-01
ZR+4 16.2216 1 I
ZR02 2.19E+01 1 2.06E-02 1 2.19E+01 ; 9.99E-01
ZR02:2H2

I
Waste Oxides Total (MT) 6.66E+04 1 7.70E+03

Waste Oxides Less Na & Si 5.08E+03

HLW

20 wt. % waste oxide loadine

Blending factor 1 1.2 1.5 2 3.5
Mass of glass required 2.19E+04 2.63E+04 3.28E+04 4.38E+04 7.66E+04

__

glass formers required MT 1.42E+04 I.86E+04 2.51E+04 3.61E+04 6.89E+04

WOL(-Na20,-Si02) 23% 20% 15% 12% 7%
WOL (with all tank wastes) 35% 29% 23% 18% 10^

Glass Formers Required

B203 (MT) 1.83E+03 2.39E+03 3.23E+03 4.64E+03 8.87E+03

Li2O (MT) 5.22E+02 6.83E+02 9.25E+02 1.33E+03 2.54E+03
Si02 (M7) 1.18E+04 1.54E+04 2.09E+04 3.OOE+04 5.73E+04

glass density (MT/m"3) 2.63
culletpacking fraction 0.7 (LAW only)

Wastevolume(m"3) 8.32E+03 9.99E+03 1.25E+04 1.66E+04 2.91E+04

Canister Volume (m"3) 1.17

Number of Canisters (2x) 7.11E+03 8.54E+03 1.07E+04 1.42E+04 2.49E+04

Nu. of Canisters /HMP 4

Number of HMPCB 1.78E+03 2.13E+03 2.67E+03 3.568+03 6.22E+03

Number of trips 0 10 HMPCs /trip 178 213 267 356 622

HLW Facility Sizin2

Schedule 14 yrs

Capacity MT/day 8

Overall efficiency, % 33,^G 454 6F4i. 88;6 169sK
Required capacity MT/day (assuming 14 yrs ops. 60% OE) 4$3 6 8 12 2?

Required operating duration yrs (assuming 8 MT/day. 60% OE) ^2-45 Il 23 33 61

Required operating duration (2 yrs start up) 13

f.AW

15 wt. %sndium oxide Inadine

Blending factor 1 1.25 1.5 2 3.5

Mass of glass required to achieve 15% wo loading, 7T 3.95E+05 a.94E+05 5.92E+05 7.90E+05 1.38E+06

total frit required. MT 3.28E+05 4.27E+05 5.26E+05 7.23E+051 1.32E+06;
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Combo I P^ a/zs

I ' I
Glass formers

A1203 1.54E+04 2.01E+04 2.47E+04 3.40E+04 6.18E+041

CaO 4.52E+04 5.88E+04 7.24E+04 9.96E+04 1.81E+05

SiO2 2.68E+05 3.48E+05 4.28E+05 5.89E+05 1.07E+06

glass density (MT/m"3) 2.63
cullet packing fraction 0.7

Waste volume (m"3) 2.ISE+05 2.68E+05 3.22E+05 4.29E+05 7.51E+05 ########

Number of 5300 m"3 vaults 40 51 61 81 142

LAW facility sizing

Schedule, years 14

Capacity MT/day 120 I

Overall efficiency. % 64;6 97-% 334", 22-57

Required capacity MT/day (assuming 15 yrs ops, 60% oE) 120 +59 380 240 4-4

Required operating duration yrs (assuming 120 MT/day, 60% OE) 15 49 23 30 33

Operating duration (with 2 yrs start up) 17
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Cmnbo 2 i--^, I9/zS

Assumptions: I i i
1. HLW glass waste oxide loading basis to be 20 wt7 waste oxides (excluding Na20 and Si02)

2. Using the W HC engineering data package material balance calculate the waste oxide loading

and adjust mass of the glass produced to achieve a 20 wt % waste oxide loading

3. LAW glass sodium oxide loading basis is to be 15 wt%

1

Input Stream Input LAW HLW HLW fraction

STREAM I converted to 407 437 314 344 fronr hn. Sep.

oxides FRIT GLASS FRIT GLASS

Volume kilo-liters

Specific Gravity

Cs and Ba, (MCi) 63.774 9.37E+00 5.44E+01 8.53E-01

Sr and Y, (MCi) 43.032 2.73E+00 4.03E+01 9.37E-01

To, (MCi) 0.0274 2.23E-02 5.09E-03 I.86E-01

Am,(MCi) 0.0763 6.32E-03 7.00E-02 9.17E-01

Np,(MCi) 0.000I 9.98E-06 9.00E-05 9.WE-01

Pu-239.(MCi) 0.0076 4.8IE-04 7.12E-03 9.37E-01

Pu-240. (MCi) 0.0019 1.18E-04 1.78E-03 9.38E-01

Pu-241,(MCi) 0.0189 3.74E-04 1.85E-02 9.80E-01

TotalTRU,(MCi) ^ 0.1053 6.05E-03 9.92E-02 9.43E-01

Total MCi 115.W5 1.59E+W 1.14E+112 9.86E-0I

Total Mass Flow (MT) I.91E+05 6.88E+03

Total Cr, (MT) 2.16E-01

Total Na, (MT) 3.14E-02

Total Si. (MT)
Total P, (MT) 1.68E-0I

Total N02-, (MT)
Total N03-, (MT)
AG+ 5.05E-01

AG20 5.43E-01 1.04E-01 4.39E-01 8.08E-01

AL+3 4.33E+02

AL203 3.51E+03 8.98E+03 1.17E+04 7.66E+02 2.18E-01

AL(OH)a- 5.02E+03

AM+3
AM203 0.02452 2.45E-02 2.03E-03 2.25E-02 9.17E-01

AS+5 1.04E+W

AS205 1.59E+00 9.66E-01 6.27E-01 3.94E-01

B+3 9.68E-01

B203 3.12E+00 4.47E-01 8.85E+02 8.88E+02 8.57E-01

BA+2 2.89E+W

BAO 3.23E+00 6.57E-01 2.57E+00 7.97E-01

BE+2 6.61E-02

BEO 1.84E-01 1.68E-01 1.60E-02 8.69E-02

B1+3 2.05E+01

81203 2.29E+01 5.85E+00 1.70E+01 7.44E-01

C14
CA+2 3.21E+01

CANCRINITE
CAO 4.49E+01 2.63E+04 2.63E+04 4.05E+01 9.02E-01

CD+2 6.14E+W

CDO 7.01E+00 I.46E+00 5.55E+00 7.92E-01

CE+3 8.75E+01

CE203 1.02E+02 1.03E+00 I.OIE+021 9.90E-01

CL- 2.62E+02

CL2
CO
C02
C03-2 1.88E+03

CR+3 3.3IE+01

CR203 5.05E+01 3.97E+01 1.09E+01 2.15E-01

CR(OH)4- 9.93E+01

CS+

CS20 4.88E-01 3.46E-03 4.85E-01 9.93E-01

CU+2 5.82E-01

CUO 7.28E-01 1.39E-01 5.89E-01 8.09E-0I

CUSO4

F. 1.22E+02

F2
FE+3 2.33E+02 I I
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Combo 2
F^ -ZO/Zs

FE203 3.33E+02 5.58E+00: 318E-112 9.83E-111

H2

H20
H2S
HG
HG+2 1.35E-01
I_

12
K+ 3.63E+02

K20 4.33E+02 4.49E+00 4.29E+02 9.90E-01

KEROSENE
LA+3 1.93E+01

LA203 2.27E+01 2.35E-01 2.24E+01. 9.90E-01

L1+ 2.46E-021

LI20 1 5.27E-02 2.17E-04 2.53E+02 2.53E+02 9.96E-01

MG+2 9.33E+001

MGO I 7.IOE+00 5.57E-01 6S4E+011, 9.226-01

MN02 7.37E+01 1.17E+02 1.09E+01 1.06E+021 9.06E-01

MO+6 5.10E+00

M003 7.64E+00 6.55E+00 1.10E+00 1.43E-01

N2
NA+ 2.63E+04

NA20 3.55E+04 3.44E+04 1.12E+03 3.14E-02

NH3

NI+3 5.91E+01

NI2FECN6 8.62E+0I

NI203 1.05E+02 4.00E+01 6.49E+01 6.18E-01

NIO 1.00E+00

NO
N02
N02- 4.57E+03

N03- 3.99E+04

NP+4

NP02 1.34E-01 1.34E-02 1.21E-01i 9.00E-01

02
OH- 2.25E+03

PB+4 4.79E+00

PB02 5.53E+00 2.07E+00 3.46E+00I 6.26E-0I

P04-3 1.32E+03

P205 9.89E+02 8.23E+02 1.66E+02 1.68E-01

P205:24W
PU+4
PU02 1.50E-01 9.44E-03 1.40E-01 9.37E-01

S
S1+4
S102 4.59E+02 4.59E+02 1.56E+05 1.56E+05 5.72E+03 6.18E+03 1.00E+00

S02
S04-2 1.06E+03

SR+2 3.73E-01

SRO 4.41E-01 4.07E-03 4.37E-01 9.9IE-01

TC02
TC04-
TC207 2.54E+00 2.07E+00 4.71 E-01 1.86E-01

TOC 1.10E+03

U02+2 1.69E+00

U03 8.67E+02 4.44E+01 8.23E+02 9.49E-01

V+5
V205 7.51E-01

W+6 1.99E+00

W02 1.00E+00

W03 2.50E+00 2.50E+00 5.47E-03 1 2.19E-03

ZN+2 3.26E+00

ZNO 4.06E+00 3.20E+00 8.54E-01 2.1I E-01

ZR+4 2.72E+01

ZR02 3.67E+01 3.45E-02 3.67E+01 9.99E-01

ZR02:2H2

Waste Oxides Total (MT) 3.81 E+04 4.51 E+03

Waste Oxides Less Na & Si I 2.94E+03 1
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Combo 2

HLR'

20 W%Ilaarte nside lovdfne

Blending factor 1 1.2 1.5 21 3.5

Mass of glass rcqui red 1.27E+04 1.52E+04 1.90E+04 2.53E+04 4.43E+04

fritrequired MT i 8.15E+03 I.07E+04 1.45E+04^ 2.OSE+04 3.98E+04

WOL (- Na20, - SiO2) 23% 20% 15^ 12% 7%

WOL (with all tank wastes) 36% 30% 24% 1890 10%

I i

Glass Formers Required

B203 (MT) 1.05E+03 1.37E+03 1.86E+03 2.68E+03 5.12E+03

Li20(MT) 3.00E+02 3.93E+02 5.33E+02 7.66E+02 1.46E+03

Si02(MT) 6.77E+03 8.87E+03 1.20E+04 1.73E+04 3.31E+04

glass density (MT/m'3) 2.63

cullet packing fraction 0.7 (LAW only)

Waste volume (m"3) 4,8F6+03 5.78E+03 1-:685+04

Canister Volume (m"3) L17

Number of Canisters (2x) 4. i-IE+03 4.94E+03 ""--..•'

No. of Canisters /HMPC 4

Number of HMPCs 7:036+43 1.23E+03 ,^^ 2-066+03 3-608+03

Number of trips p 10 HMPCs /trip 183 123 v 454 206 360

IHLW Facilitv Sizinc

Schedule 14 yrs

Capacity MT/day 4.5

Overall efficiency. % 35% 634 999, lq3q

Required capacity MT/day (assuming 14 yrs ops. 60% OE) 366 348 4-73 649 42-98

Required operating duration yrs (assuming 4.5 MT/day, 60% OE) 7308 11 2-2-00 32-BB 61.00

Required Operating duration, yrs (including 2 yrs start up) 13

I W

15wt %wditmn¢idcload'ne

Blending factor 1 1.25 1.5 2 3.5

Mass of glass required to achieve 15% we loading, MT 2.29E+05 2.87E+05 3.44E+05 4.59E+05 8.03E+05

total glass fornmers required, MT 1.91E+05 2.48E+05 3.06E+05 4.20E+05 7.64E+05

glass density (MT/ni 3) 2.63

cullet packing fraction 0.7

Glass formers (M-1)

A1203 8.98E+03 1.17E+04 1.44E+04 1.98E+04 3.59E+04

CaO 2.63E+04 3.42E+04 4.21E+04 5.79E+04 1.05E+05

Si02 1.56E+05 2.02E+05 2.49E+05 3.43E+05 6.23E+05

Waste volume (m"3) 1.25E+05 1.56E+05 I.87E+05 2.49E+05 4.36E+05

Number of 5300 m"3 vaults 24 29 35 47 82

LAW facility sizing
Schedule, years 14

Capacity MT/day 200

Overall efficiency. % ^ I 24% 44

Required capacity MT/day (assuming 15 yrs ops, 607 OE) 70 Si ^93 i49 244

Required operating duration yrs (assuming 70 MT/day. 60% OE) IS i8.79 4-2.44 24A2 52=33

Operating duration (including 2 yrs start up) 17 ^
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Calcination

Mass of calcined waste,MT 1.68E+05

Volume of Calcined Waste, m"3 6.70E+04

Number of Canisters @ 10 m"3 10300

Number of Canisters @ .62 m''3 154700

Number of HMPCs @ 1 10m"3 can/HMPC 10300

?`6 z^"^Z 5

Page 1



Phased Implementation -rr6 z425^

Assumminn.: I I I

1. Fh.eeu Inirlememaaon smaraaon..m Tremmem is amear nl Inlerme3ine s.rar,fi„ns

exeert the mrarntfnm for Sr. Tc. and TRU elemenn are lakcn from Exzensive seramlinn.

2.IILWylanwraeoxiJelnaJinyh.<ixtobe-20w17weuenxiJcn

ncSawntinCtheNntOnrSi02inlhcwamkdxv<amtnllawinyal.2hlcmlfaetnr

3. UsinC she \VNC enyineerinS data package inaterial hela^ ualculae the wacte nxide 4vJing

and adjusu mv¢ of the gl><a pnvluceJ in achleve a 20.n % wanc nxide Lwding

4. LAW glaca xwlium omide lomlin6 hdeis if in be 15 ut%

Inrat Sercam LAW HLW

STREAM I <07 437 314 34a

znlida IiyuWS FRIT GLASS FRIT CLASS NLW

Vnlume kilolilcrs
rraelinn

SraiBC Graviry

Cs zml Be. (NCI)
sr.nuV-(MCi)

5.28E+00
1.05E+02

6.28E+01
2.IOE+00

I.OOE+01
6.80E+00

5.81 E+01

1.0013+02

0.85311
0.9365

Tc.(MCO 5.89E-03 2.61E-02 3.20E-04 3.17E-021 0.99

Am,OHCi) 9.51E-02 8.6IE-07 1.04E-03 I.07E-01 0.rn

Np. (MCi) 9.29E-05 1.03E-OS 1.03E-06 1.02E-04 0.99

Po-239,(NCi) 2.47E-02 1.67E-03 2.64E-04 2.61E-02 0.99

Pu-2ao. (MCU 6.28E-03 4.14E-04 6.69E-05 6.63E-0 0.99

Fua41.(NCi) 7.34E-02 1.49E-03 7.49EA4 7.41E-02 0.99

TaaITRU.(NCO 2A0E-01 1.22E-02 2.12E-03 2.10E-0I 0.99

TwaIMCi 1.1 1E+02 6.49E+01 1.76E+00 1.74E+02 0.99

Tou1M.aFlow(MT) 1.94E+04 7.10E+05 2.81E+05 3.87E+05 1.36E+04 2.51E+04

Tazl Cr, (MI) 1.32E+02 5.15E+01 1.44E+02 3.96E+01

TNal Na, (MT) I.24E+03 6.51E+04 7.18E+04 2.33E+03

nomlSi.(MT) 5.24E+02 5.65E+00 1.076+05 1.07E+05 5.29E+03 5.83E+03

TiwalP,(MT) 7.80E+02 8.42E+02 1.35E+03 2.72E+02

Thul NO2., (MT) 7.38E+01 9.54E+03

Tuzl NO3-. (MT) 1.03E+03 1.06E+05

AG+ 1.38E+00 3.28E-01

AG20 7.52E-0I 1.48E+00

AL+3 2.37E+03
AU03 1.32E+04 1.94E+04 1.73E+03

AL(OH)4- 4.83E+07

AM+3 2.77E-02 2.51E-03

AM203 2.76E-03 3.05E-02

AS+5 4.98E-01 7.70E-01

AS205 1.18E+00 7.66E-01

8+3 9.94E-01 5.19E-01

8203 1.67E+00 I.75E+03 1.76E+03

BA+2 3.09E+00 7.91E-01

BAO 8.81E-0I 3.45E+00

BE+2 7.61E-03 8.19E-02
eW 2.27E-0I 2.16E-02

81+3 1.96E+02 6.76E+01

81203 7.52E+01 2.19E+02

C14 4.53E-04 7.43E-04

CA+2 1.33E+02 1.67E+01

CANCRINITE

CAO

2.70E+03

3.87E+04 3.87E+04 1.89E+02

CD+2 7.93E+00 2.09E+00

CDO 2.38E+00 9.06E+00

CE+3 2.35E+02 2.37E+00

CE201 2.79E+00 2.76E+02

CI. 3.496+00 3.IIE+02

C12

CO
C02

C03-2 2.25E+02 3.37E+03

CR+3 1.32E+02

CR203 2.1IE+02 5.79E+01

CR(OH)4- 1.19E+02

C5+ 9.25E-02 8.19E-01
a2O 6.83E-03 9.58E-01

CU+2 7.46E-01 1.77E-01

CuD 2.21E-01 9.34E-01

CUSO4

F. 5.97E+01 1.12E+03

F2
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Phased Implememmion I, ^ Z^/Z S

FE+3 7.63E+021 1.44E+01

FE203 2.06E+01 1.21E+03

N?

x20 1 5.07E+05i I
x2s
NO
Hc+z 9.00E-03 9.49E-0II

1- 2.02E+01 5 46E+02;

Iz
K+ 2.10E+01 2.19E-0II

K20 2.65EA1 2.53E+01

KEROSENE

Ln+3 2.10E+0t 2.19E-01

Ln203 2.58E-01 2.46E+01 ^

U+ 2.46fl-02 5.77E-03

1120 1.24E-02 5.00E+021 5.03E+02

N0+2 1.10E+01 9.65E-01I

m0o I.60E+00 1.88G+01

MNOZ 2.09E+02 2.17E+01 2.16E+01 209E+01

a0+6 8.01E-01 4.87E+00

N003 7f29E+(q 1.22G+(1)

N2

NA+ 7.77E+02 6.51E+O4i

Nn20 9.68E+04 3.14E+03

NN3

NI+3 6.57E+00 4.07E+00

N12FECN6 5.00E+02

NI203 5.72E+00 9.27E+00

Nlo 1.50e-02 2.27e+02

No
N0z
NO2. 7.38E+01 9.54E+031

N03- I.03E+03 1.06E+05

NP+4 ! 1.32E-0I 1.46E-02

NPO3 1.66E-02 1.50E-0I

02

OR. 5.00E+03 6.44E+03

PB+< 3.28E+00 1.96E+00 '

P802 2.26E+00 3.79E+0!1!

P04-3 2.39E+03 2.58E+03

PzoS 3.09E+03 6.22E+02

P205:24w 5.21E-01

PU+4 4.27E-01 2.88E-02

PUOx 3.26E-02 4.84E-01

S
51+4 7.90E+01 5.65E+001

s102 2.29E+05 2.29E+05 1.13E+04 1.25E+04

S0i

$04-2 3.97E+01 2.0IE+03

SR+2 3.64E+01 3.75E-0I

SRO 4.00E-0I 4.29C+01

TC03

TCOi- 5.68E-0I 2.52E+00

TC+o3 2.94E-02 2.918+00

TOC 1.16E+02 1.42E+03

U12+2 1.58E+03 8.52E+01

U033 9.02E+01 1.67E+03

V+5 1.88E-01 6.20E-02

V205 I.11E-01 3.35E-01

W+6 7.47E-01

W02 2.9IE-05 4.41E-01

w03 9.40E-0I 2.06E-03

ZN+2 9.45E-01 3.59E+00

ZNO 446E+00 1.19E+00

ZR+4 2.77E+02 4.48E-0 1

zR02 6.49E-01 6.90E+02

zROx:ix2 4.09E+02 2.15E+01

IILW
!

mwe+`so+aeoaaem^ame

eler.aingf^^ I I L2 LS 2 1 3.5
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Phased Implementation

zs/zs

Ha<.orsl.«reyuiredu.a<hi.vn_2a0(2s)can®1.2hlcnd,slr 3.13E+04 3.76E+04 4.69E+04; 6.26E+04. I.I0E+051

wditiux.l oit reyuiren ( eyuals iurea.d g..a) MT ! 6.20E+03 1.25E+04 2.18E+04 3.75E+01i 8.41E+011

laalliitrcyuirw,str I i 1.98E+04 2.61E+04 3.54E+04; 5.IIE+04`, 9.80E+041

WOL(-NZ20,-5i03) I 23% 209a 15%i 12%I 79oi

WOL(withalliankwauey I 37% 31% 249 187oi 10%

i I

glau Jen.ity ( MT/m'3) i 2.63 1
culletpzckinSfratiun 0.7(LAWOn(y)

Ws<rovnmme(ni3) I.19E+04 1.43E+04 1.79E+04 2.38E+04 4.17E+04

Cani.wer Vnlume ( m^3)

NumhernfCaninerx(Ix)

1.17

1.02E+04 1.22E+04 1.53E+04 2.03E+041 3.56E+04

Nu. of Canistcn /HMPC 4

NumhernfHHPC. 2.54E+03 3.05E+03 3.8IE+03 5,09E+03 8.90E+03

Numher of Idps 0 10 NMPCS nri p 254 303 381 509, 890

NI.W Fx91irv Sizin¢

Phxa I HLW - IPlmt 0 I mJdan 6 Yn. 60% 0E Phase I HLW prtxluceJ (M'f) 1314

ScheJUle(yenrs) -

Phac^ 2 Rene(rementc

RcquirNcapaciryMT/day(a..uminCltyr..rra.70%OE) 6-0B 8.44 a9_5i +4^1 24-9d

Required operating duration yrs (assuming 10 MT/day, 70% OE) ++.74 14 +7,86 e3.981 42:36

Reyutred uperatinS duration ( indudinB 2 yn sian up) 16

LAW
ISut ^karf mosideluzd'ne

Blendinb facmr I 1.25 1.5 2 1 3.5

Macrnfylacerryuiraltaaehievel5% w„hrsain¢.MT 6.45E+05 8.07E+05 9.68E+05 1.29E+061 2.26E+06

aJdiiiunal frii rryuirel (eyualx increaurl yla<r) MT 2.58E+05 4.20E+05 5.81 E+05 9.04E+05 1.87E+06

nxal frii required. MT 5.396+05 8.62E+05 1.18E+061 2.15E+0G

glaaJcnvilYMT/ni3) 2.63

cullet pxkinb fnryi^m 0.7

Wa.tc.ulume(ni) (taulPhawl+Phaa2) 3.51E+05RUSE+05 5.26E+05 7.01E+05i 1.23E+06

Numhcr nf 53W m3 vaults 66 99 132 231

LAW Gnnuv 9ame

Ph.a I IAW.2 planm ® 20 mvday. 5 yr. ^m. bB % oE

Ph. I InW -2 planu¢y 20 10 yrs rro.40% O

Phase I LAW produced (M'q
Phase I LAW roduced (M^

43800
87601

(minimum p 5 yrs ops)
(maximum ® 10 yrs ops)

Ph. I-5.9 Yu, usiny 5 yrn reVUira laryer Ph. 2 Pinnu ( mnre ennaervnive siziny)

S<•heJule.ycarx 13

hrxdy MT/day 200

Phaa 2 LAW r.xal aapxiry (Ex'h LAW Plant would have 1/2 nf Inal capxiry)

o+ernlenmtency.'^
ReyuireJCayaeityMT/day(a<vuming13YrrnD^+. r0%013)

Required operating duration yrs (assuming 200 MT/day, 70% OE)

63%
181.10

12

80%
2?4.68

+I.93

9z;ti
27$.25

+899

+31-^I 233^,

373r391 666^t3

24,401 43.34

Re4uiral q¢ratinb duration. yrs• ( ineludinb' 2 Yn sun up) 14
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ATTN OF: WDD:WJT 96-WDD-O11

SUBJECT: INDEPENDENT REVIEW OF HANFORD HIGH LEVEL WASTE VOLUME

TO: Distribution List

An independent review was commissioned to assess the high-level waste
volume, resulting from the enhanced sludge washing treatment and
immobilization of Hanford tank waste. The report of this independent
review is attached.

The results of this review are accepted and will be used for planning
purposes by DOE.

If you have any questions on this, please call me at (509) 372-3864 or
Ken Lang at (301) 903-7453.

. ^ ^
rm)̂,

'^^^'^-
Will aylor, Director
Waste D so 1 Division

.``'^ "^ •^

sKenneth T Lang, Team Lead•r
Hanford Office
Office of Tank Waste Remediation
System

Attachment
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'• Independent Review Team iN4arch 14, 1996

INDEPENDENT REVIEW TEAiNt REPORT

INTRODUCTION AND SUMMARY

The EIS leading to decisions about the fate of the waste in the HLW tanks at Hanford is scheduled
to be released for public comment in March, 1996. It is important that the information in the EIS

.: have a fitm technical foundation so that sound decisions about the fate of the waste can be made.
^The Independent Review Tea`m (IRT) was empaneied to ezamine the technical bases of one bf the
more important facets of the EIS - the number of canisters of HLW glass which would be
produced from the waste in the Hanford tanks (Tlte membership of the IRT is contained in
Attachment 1; the Statement of Work in Attachment 2).

The goal of the IRT was to ensure that the number of canisters projected in the EIS:

• Adequately reflected the uncertainties associated with the current understanding of the inventory
and especially the chemistry (degree of blending which will be achieved, separation factors in
pretreatment processes, and vitrification process limits) of Hanford HLW. The IRT interpreted
this as ensuring that the ranse of possible canister production values provided adequate upper and
lower bounds for decision-makin,.

• Provided an appropriate median case (a sort of "expectation value") for detailed analysis and
planning.

The IRT accomplished this through a series of briefings and discussions with cognizant Hanford
Site personnel, and examinations of key documents (The list of briefings is contained in Attach-
ment 3, and the documents provided to the IRT is contained in Attachment 4).

The IRT has concluded that the current range, and median value, of the number of canisters which
will be produced from Hanford HLW contained in the EIS (13800 to 70000, and 33400,
respectively) are conservative. However, the Hanford site has made significant progress in better
defininve key input since the EIS values were ori`inally developed. Based on this progress, the
IItT has concluded that a range of 13800 to 50000 canisters better reflects the current state of
understanding, and that a value of 23000 canisters provides a more representative case for policy
decision making.

The IRT recogni2es that selection of the values in the EIS has been controversial and contentious.
The IRT has concluded that this is due to a fundamental misunderstanding of the bases of the
current calculations. Improved clarity in the presentation of the bases, coupled with better
communications, would help to avoid this sort of problem in the future. In this report, we have
attempted to provide a clearer exposition of the bases of the calculations.

EIS CANISTER PRODUCTION VALUES

Calculation

Cariister production values are calculated in the following manner. The total inventory of waste on
a mass basis is partitioned into soluble ("salt cake') and insoluble ("sludoe") porcions. The
insoluble portion is assumed to undergo water-washing during which residual soluble material is
removed by dilution. The resulting solids then underQo caustic leachina durina which additional
material in the "sludge," most notably aluminum, is dissolved. It is assumed that there is perfect
blending of the "sludge" material.

It is assumed that 1% of the soluble material remains with the insolubles. The rest of the soluble
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material undemoes ion exchange, and the sepamted cesium is combined with the insoluble material
at the high-level waste processing plant. Glass-forming additives are blended with the waste
mixture and then vitrified. The amount of additives is selected so that the minimum volume of
glass is produced, consistent with constraints on the solubility of waste components Cr) in
the glass. ,

For the EIS,t_ a total inventory dating back to. the 1977 EIS (with periodic subsequent updates) was
° used as the starting point (This is referred to as the EIS inventory). This was.partitioned into the .:.

soluble and insoluble portions, called "salt cake" and "sludge," based on the jud;ement of. .
experienced personnel. It is important to note that this partition was somewhat artificial, in that it
did not necessarily represent actual salt cake or sludge. If an element was not assigned to the
soluble fraction, i.e. "salt cake:' it was assumed to be contained only in the "sludge" Thus, the
small portion of sludge which is found in actual salt cake was not included in the "salt cake" used
for the EIS calculations. It was assumed that the "sludge" and "salt cake" were each perfectly
blended.

The "slud;e" and "salt cake" were then cascaded throush the process (via the flowsheet model),
using values for water-washing and caustic-leaching efiiciencies reflecting the state of understand-
in* up to 1994. The amount of glass-forming additives used to produce glass was the minimum
amount necessary to ensure that the elass satisfied solubility limits for waste oxides such as Cr, Al,
and Fe (These limits approximated plant operating limits rather than the true solubilities, and thus
were representative of what might be achieved in operations). This led to an estimate of 13800
canisters, which is presented in the EIS as a lower bound on the number of canisters, since perfect
blending of the waste is not possible.

To develop a "planning case' for the number of canisters, a nominal waste oxide loading of 20
wt"o (= actual waste loading less Na and Si contained in the waste) was assumed. In this case,
the actual waste loading was about 31 wt^/a.'- The EIS waste inventory was used and a blending
factor of 1.5 was assumed (The blending factor reflects the additional glass produced because (k
imperfect blending). This led to a projection of 33800 canisters. A maximum upper bound to the
number of canisters was obtained by applying a blending factor of 5 to the lower bound case. This
was based on subjective assessments of the possible effectiveness of blending. This latter figure
led to a canister count of 70000, which is presented in the EIS as an upper bound. V

Sources of Uncertaintv

There are five major sources of uncertainty in the calculations described above. The IRT
considered each of these in evaluating the canister production values in the EIS.

- Inventory. Both the total mass of oxides, and the partitioning of materials into soluble and
insoluble fractions, can affect the accuracy of the calculations. Over the last few years, LANL has
been reconstructing the total inventory. Agnew (LANL) has utilized the information used to
develop the IIS inventory, as well as other information from nuclear materials production and

I Throughout this document, when an Environmental Impact Statement is referred to as "the EIS,"
Draft C of the 1996 EIS is meant. There have been earlier Environmental Impact Statements -
these are referred to by their date.

2 Hanford waste is unique in the DOE complex because it contains substantial amounts of glass-
forming oxides. Thus, to make a specific silicate glass, fewer chemicals are needed as additives.
This results in higher waste loadings than for other DOE waste alasses, which often is
misunderstood.



Independent Review Team vlarch 14, 1996

waste operations at the Hanford Site. The total mass"of waste constituting the LAINL inventory is
smaller than the EIS inventory, and attempts to accurately represent actual sludge and salt cake.
Table 1 lists the LANL inventory, and the EIS inventory. The relationship between the two is
shown in the last column. The total inventory developed by LANL. is smaller, primarily due to
smaller amounts of sodium, nitrate, and phosphate. However, species subject to glass processing
limits (e.g., Cr, Al, Fe) are significantly enriched in the LANL inventory. Thus, even though the
LANL inventory is smaller,.it is likely to provide an upper bound for the amount of olass to be
produced. Efforts are underwaf to reconcile.the two inventones, and, more importantly, to bring
the LANL inventory into agreement with analyses of actual wastes. The IRT concluded that the
actual inventory will most likely be somewhere in between the two shown in Table 1.

• Amount retrieved. For the calculations, it was assumed that 99% of the waste in the tanks would
be retrieved. Given the refractory nature of some of the material in the tank, it is not clear that this
will be achieved. If it is not, then the calculated number of canisters will be overestimated (It is
very improbable that more than 99% of the waste will be removed from the tanks.).

• Blending factor. The values in the EIS are based on the assumption that all of the insoluble
material is perfectly blended. In practice, this is unlikely to be achieved.

• Pretreatment efficiencies. The tlowsheet is based on a water wash to remove soluble species,
followed by caustic leaching of the insolubles. The values in the EIS reflect the best judgement
based on incomplete experimental work. Thus, these constitute a potentially signiticant source of
uncertainty (The uncertainties in these factors are discussed in more detail in Attachment 5.).

• Glass processing limits. The number of canisters in the EIS is based on adding the minimum
amount of glass-formin'- materials necessary to meet glass solubility limits, as known in 1994. No
attempt was made to optimize the vlass composition, nor was an effort made to determine whether
the glass could actually be produced.

As implied above, an increase in either the total inventory or in the amount of a single component
does not necessarily mean an increase in the number of canisters. Since the number of canisters is
calculated based on meeting glass processing limits, only a few critical elements affect the .
calculation. The most important elements appear to be Cr, P, Na and Al. Of these, Cr and P
appear to be the most critical. These elements are nearly at the upper limit suggested by glass
composition studies carried out by Hanford Site personnel, and thus determine the amount of glass
produced.

EVALUATION OF EIS VALUES

The IRT examined each of the canister production values in the EIS. The IRT has concluded that
the lower bound is, in fact, an appropriate lower bound. However, neither the planning value nor
the upper bound retlect the progress made in the last two years in understanding waste inventory
and waste pretreatment. While both of these values are conservative, better values are available.

Lower Bound

The lower bound value of 13800 was evaluated by comparing it to more realistic calculations, and
by examining the effects of the uncertainties identified above on the calculated value. The IRT has
concluded that the EIS value is a credible lower bound to the number of canisters which will be
produced.

A new estimate of the total number of canisters has recently been made usin," a modified EIS
inventory (Minor increases were made in the amounts of Al and Cr to address accounting errors; a
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minor decrease was made in the PO43- content to take into account transfers of phosphate waste to
the waste cribs). The waste was partitioned into insoluble and soluble fractions based on the
LPuNL. effort. Thus, althou •h the total inventory was not very different from that used for the EIS,
the panition of elements beiween sludge and salt cake was more realistic. Water washing and.
caustic leaching efficiencies were modified to reflect the more cun•ent values of Colton. This led to
a projected canister count of 14600, indicatin-g that the EIS value of 13800 is probably a lower
bound. .: .-.. :^,

The IRT also considered The eifects of the other iincerrainties listed above. Since perfect blending
is assumed, the EIS value is certainly a lower bound compared to a more realistic case. In order to
examine the effects of glass processing limits, the glass compositions for both the EIS and the
modified EIS basis were examined. These are shown in Table 2. The total waste loading for the
EIS glass is 46.5 wt%, including the Na and Si in the waste (As noted later, this waste loading
factor is an important source of misunderstanding over these calculations.). Use of the L?uvL
inventory would require more canisters, because of the higher Cr content, again indicating that the
EIS value is a lower bound. Because of the lower amounts of Na and Si in the LANL inventory,
the waste loading for this glass decreases to 43.3 wt9o. Projected DWPF and West Valley glass
compositions are shown in Attachments 6 and 7. Comparing Table 2 and the attachments, the
Hanford glass compositions are within the range of compositions defined by the other two sites,
even though the nominal waste loadings are considerably different. Thus, while clearly an
underestimate of the number of canisters, the calculation leads to a Qlass composition which could
be processed in current production facilities. ,

Johnson also looked at the effects of all of the uncertainties, except for blending, on the number of
canisters. He allowed each of the various sources of uncertainty to vary between a high, medium
and low value, and assistned a probability value 0.25, 0.50, and 0.25, respectively (This
approximates a normal distribution about the median value). Using the EIS inventory, he
constructed a cumulative distribution function for the amount of slass which would be produced
(The number of canisters is this value divided by 0.62). This is ;hown as Case 1 in Figure 1.

The y-axis shows the probability of producing no more than the amount of glass indicated on the
x-axis. As the Figure shows, there is less than a 10 `b probability'that the number of canisters
produced will be less than the 13800 value in the EIS (This corresponds to 8500 m3 of elass). The
IRT thus has concluded that this is an appropriate lower bound for use in the M.

jj^+ner Bound and Median Value

The median and upper bound values in the EIS were based on subjective judgements of what the
likely effects of the uncertainties identified earlier might be. The value of 70000 canisters is based
on the assumption that the total uncertainties in processing, particularly in blending, will lead to a
five-fold increase in the number of canisters compared to the lower bound. The factor of was
taken from an earlier system study; but its bases have been superseded by the more recent data.
Calculations recently performed by Certa show that any realistic feed pretreatment scenarios
consistent with the current flowsheet give rise to no more than 20% more glass than a perfectly
blended inventory.

Similarly, there is no basis for arbitrarily reducing the waste loading, as is done in the planning
case. It is unlikely that a plant operator would do so without reason. The IRT has concluded that.
selection of a specific waste loading thus overly constrains the calculation of the number of
canisters, in an artificial manner. As a result, overly conservative values are calculated.

For this reason, the IRT developed a median and an upper bound value to evaluate the correspond-
ing values in the EIS. As a starting point for tht upper bound, the L?.iL inventory was chosen
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because it would produce more ^=lass than the EIS inventory, as can be seen in Figure 1(compar-
ina Case 2 - LANL inventory to Ca,u: I. - EIS inventory). This case used glass processing limtts
which are somewhat more restrictive than necessary, and thus would produce more glass. To
produce an upper bound, the IRT selected the glass production value which corresponds to a 95%
probability that it will not be exceeded - 26000 m3. This value was multiplied by the factor of 1.2
obtained from Certa, and eonvened to canisters by dividing by 0.62. This results in a value of
50000 canisterv Based on this. value, the IRT concludes that the 70000 value in the EIS is not
only conservative, but oveily so: Because the 50000 canister value developed by the IRT reflects =-:. .":
the proQress made in the l:ist two years, it provides a more appropriate upper bound than the 70000
canister value.

As a starting point for the median value, the LANL value was again used. However, the IRT used
values for the glass processing limits which reflected expert judgement applied to glass processinla.
This corresponds to the assumption that between now and the time alass production begins, means
will be found to either increase solubility limits in the -a-lass or deerease the amount of limiting
components such as Cr;oingg into the glass (e.g., through enhanced pretreatment). The IRT used
Case 4 in Figure 1. Since a median value is most appropriate for the planning value, the amount of
glass corresponding to a probability of 0.5 was used - 12000 m3. Using the same blending factor
and converting from glass volume to canisters in the same manner as for the upper bound, a value
of 23000 is obtained. The IRT thus concludes that the 33400 value in the EIS is conservative.
Again, the IRT's value is more consistent with the current understandingo of Hanford waste
behavior.

CONCLUSIONS AND TECHNICAL RECOMi\•IENDaTIONS

The IRT has completed a review of the number of canisters of waste glass which will be produced
from Hanford tank wastes. Based on this review, the following conclusions were drawn:

• The current range, and median value, of the number of canisters which will be produced from
Hanford HLW contained in the EIS (13800 to 70000, and 33400, respectively) are conservative.

• A range of 13800 to 50000 canisters, and a median value of 23000 canisters, better reflects the
current state of understanding of Hanford waste than the EIS estimates. The value of 23000
canisters provides a more representative case for detailed planning of environmental impacts.

• In spite of the apparent high waste loading factors, the projected glass compositions are in the
same range as nominal DWPF and West Valley glasses. As noted earlier, the high waste loading is
deceptive due to the large amount of Na and Si contained in Hanford HLW.

Based on this review, the IRT makes the following technical recommendations:

• Completion of ongoing studies. As noted above, reconciliation of inventory data with the results
of tank samples is not yet complete. Validation of assumptions about the efficiency of water
washing and caustic leaching are also not yet completed. The IRT does not expect that new results
will significantly change the total number of canisters which will be produced. However, it is
imperative that these siudies be brought to a conclusion, so that contingencies for the uncertainties
in the inventory and in the washing and caustic leaching efficiencies can be minimized. In
particular, further work is needed with Redox sludge, since this is the major source of Cr in the
waste.

• Improvement of current models for decision-making. It appears that sufficient conservatism has
been incorporated into the calculations performed by Johnson (F.gure 1), so that the statistical
uncertainties in the data have been appropriately addressed. However, an estimate of the standard
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deviation in the exoerimentally determined washingfactors needs to be correlated to the range of
washing factors used in Johnson's calculations. In particular, the IRT recommends examining a
broader range of Na washing factors. In addition, a blending factor should be included to provide
more complete calculations.

• Use of the Johnson study to prioritize further work. The IRT was impressed by the wealth of
informaiion contained in the Johnson study. In particular, his results clearly show the importance
of ;ainina as much infortnation-as possible about the amounrof Cr in the vwaste, and the efficiency .. '
of removal of Cr during pretreatment. This study provides valuable insight into the relative
importance of different factors and needs fb be used to prioritize further work in these areas.

NOTE ON COMMUNICATION OF TECHNICAL BASES

The IRT recognizes that selection of the values in the EIS has been controversial and contentious.
Based on the IRT's experience, this is due in large part to miscommunication of the technical bases
of the calculated values in the EIS. This miscommunication resulted in misconceptions on the part
of those not involved in performing those calculations. Improved clarity in the presentation of the
bases, coupled with better communications, would help to avoid this sort of problem in the future.
In particular, calculations which result in numbers of canisters also result in associated glass
compositions. Hanford Site personnel should present these in the context of the DWPFand West
Valley glass compositions. This would help to avoid misconceptions about the very deceptive
waste oxide loadings quoted in several of the studies.

ACKNOWLEDGENIENT

The IRT is grateful for the patience shown by Hanford Site personnel in presenting material, and
fielding a large number of questions.



Independent Review Team 7 Pylarch 14, 1996

Table 1. Total inventories of Hanford waste: EIS basis, and LANL inventory.

Component I EIS (MT) LANL (MT) LAINL / EIS

A13* 2.96E03 5.26E03 . ^ 1.78

Bi3+ 2.61E02 . 6.64E02 2.54
Ca2+

1.28E02 :.. 5.36E02 . .: " 4.18

Cancrinite1 2.70E03 1.94E03 0.719

Cl- 4.15E02 3.50E02 ^ 0.843

C032- 1.66E03 2.73E03 ( 1.64

Cr3+ 2.68E02 7.47E02 2.79

F 8.12E02 ^ 5.39E02 0.663

Fe3+ 6.31E02 2.59E03 4.10

K} 5.53E01 1.31E02 2.37

La3+ 1.88E00 I 4.01E01 21.3

Mn4+ 1.0E02 1.75E01 0.146

Na+ 5.73E04 ' 2.97E04 I 0.513

N12+ 2.03E02 I 2.10E02 1.03

NO; .6.52E03 5.57E03 0.852

NO3- 1.00E05 4 28E04 0.426

OH- 1.06E04 1.70E04 1.60

Pb4+ 2.83E01 1.32E01 + 0.466

P043- 4.73E03 3.91 E03 0.827

Si4'' I 1.45E01 9.41E01 6.49

SO42- 1.65E03 4.32E03 2.62

Sr2+ 3.60E01 1.57E02 4.36

UO,2+ 1.61E03 1.92E03 1.19

Zt^^ 3.82E02 ! 9.36E01 0.245

Total Organic Carbon 4.73E02 2.99E02 0.633

TOTAL 1.94E05 1.22E05 0.629

a Chemical composition: 2NatllSi04:0.52NaN03:0.68H,0.
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Table 2. Glass compositions based on EIS and modified EIS inventories.

EIS glass composition (wt9o) Modified EIS glass composition (wt%)

Component Waste Additives Glass Waste Additives Glass

Fractiona 46:6 . a. . 53.4 50.9 : .. ^ - 49. F-^. < _ .

A1203 6.0 0- ... 6.0 9.3 • 0.. 9.3

B203 0 9.7 9.7 0 7.0 7.0

CaO 1.0 0 1.0 0.8 0 ^ 0.8

Fe203 5.1 0 5.1 4.5 0 4.5

Li20 0 2.7 2.7 0 2.0 2.0

Na2O 11.8 0 11.8 12.3 . 0 12.3

P205 2.3 1.6 0 1.6

SiO2 4.9 41.1 ! 46.1 5.9 40.1 46.0

U03 6.8 0 6.8 6.7 0 6.7

Zr02 3.3 0 3.3 3.8 0 3.8

Other 5.4 0 5.4 6.0 0 6.0

Fraction of slass produced by waste or addidves, in wt%.



Independent Review Team 9

Figure 1. Projected ;lass production for various scenarios.
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Attachment 2

STAT.HN(T_^ OF WORK
F3ANFORD 11MW CA.ti"ISI•E.tZ FRO3ECTI0N ASSESSIV4..'^T

Backeround

The Department ofBaer& (DOE) andtFie Washington Dcprstntent ofEcology are preparing an

Environmental Impact Statement (ETS) to asseis ihe`environmental impacts ofthe Hanford Tanlc

Waste Remediation System. The document is being prepared to meet the requirements of the

Nationa2 Environmental Policy Act. Included in this EIS are assumptions for low activity waste

(LAW) and high-level waste (HI,W) loading estimates, tank waste blending factors, and estimatcs

of the total number of canisters ofboth immobilized LAW and I3LW glass Iikely to be produced
during the vitrification process.

In o•rder to assure the analysis in the E7S is technically defcnsible and the analysis methodology is •
understandable to the general public both HQ/EM and RL have agreed to establish an
Independent Review Team (1RI).

Scooe ofWork

The•LRT will convene and be presented the TWRS HI.W volume analysis. The IRT Will establish

any additional data requirements necessary to provide a technically supportable estimate of the
Hanford waste tank contents which would be delivered for high level waste immobilization. The
•team will provide thcir requirements to both ISQ/MvI and RL. HQ/EIvI and RL will collect the

necessary information and proyide the information to the team in a timely fashion.

The IRT will evaluate the TWRS process, technical basis, and available data in order to develop
an independent assessment of the results from the analysis conducted on the tank waste. The

focus ofthe evaluation will be on the high level waste fraction to be vitrined. The presentations

to the IRT will include the sources ofdata used to establish the mass, the uncerrainties in the data,
the uncertainties in the mass amount, and a conservative determination of the mass which should

be used to provide an upper bound ofwaste delivered for immobilization. This conservative
upper bound, if determined to be appropriate by the IRT, will be used in the EIS for the case of
enhanced siudge washing. If the IRT does not accept the conservative upper bound currently
used in the draft EIS then the IRT will present to HQlD/S and RI. a recommended upper bound
and the basis fbr the recommendation. The methodology for the analysis, a clear audit trail
showing the data quality, and level ofuncertainty will also be provided.

Only the operations used in the E7S description ofEnhanced Sludge Washing will be used in the
detesmination ofseparations. Available data on the process should be used to assess efficicncies

of separations including the assessment ofuncertainty.

March ], 1996
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Attachment 3

PROPOSED WORKSHOP AGENDA - HANFORD HLW CANISTER PROJECTION ASSESSMENT

March 4-8, 1996
3170 George Washington Way

Sigma IV Building, Moon Room
Richland,._Washington „ .. .

. .. _...... c<t`..: - . __. -_ - --. . - .:

March 4. 1996

7:30 Independent Review Team (IRT) H. Sutter
Meet for breakfast at Tower Inn D. Stracken

J. Plodinec
L. Holton

9:00 Introductory Remarks/Expectations W. Taylor

9:15 TWRS Reference Processing Strategy R. Gilbert

9:30 Tank Waste Inventory M. Kupfer

11:00 Enhanced Sludge Washing D. Washenfelder

12:30 Lunch

1:30 Blending Strategies P. Certa

2:30 Glass Processing/Waste N. Brown
Oxide Limitations

3:30 TWRS Flowsheet R. Orme

4:30 Decision Analysis Model M. Johnson

5:15 Hanford Canister Projection R. Gilbert

5:45 Adjourn

ADDITIONAL ATTENDEES: BILL ROOT, CAROLYN HAASS
March 5-8

The schedule details for March 5-8 will be developed by the morning of
March 5, 1996 by the IRT in conjunction with the Hanford team.



WORRS=OP AG1-=I - KA"TFORD :.i:9- CANISTER PROJ3CTION ASSSSS,'V[EIvi

March 4-8, 1996
3170 George Washington Way

Sigma IV Building, Moon Room -
Richland, Washington.

- _.. ._..., .. :..... ,.._., -. ... . .. - _ - - - - _, _. .: . .-,...... _ -. -. .._. ^..^ .-._
Mar-h

.
4. 1996

, _... _.:
- : . . _

1. TWRS Reference Processing Strategy

2. Tank Waste Ia:r_ntory

- History of TWRS Waste Inventory Development
- Adjustments to FY 1994 Inventory for FY 1995 Rev. 1 Flowsheet
- Comoarison of Rev. 1 inventory and LANL Model

Reconciliation activities for T57RS Inventory and LPSTZ, Model

3. Bnhanced Sludge Washing

- TWRS Rev. 1 Inventory distribution among SSTs using LANZ, Tank
.'Layering Model LA-tTR-94-4269, Rev. 1(1995); among DSTs using
tank samales from WHC 74A20-96-30 Apnendix B(1996)

- Division of SST inventory between saltcake and sludge using
Tank Layering Model

- Saltcake 99: water solubility basis from RHO-SA-51 (1980);
assignment of insoluble f=action to sludge inventory (zero
sums)

- Sludge water solubility basis from 27 samDles in PNL-10512
(1995)

- Sludge caustic solubility basis from P_NL-10512 and TWRSPP-95-
024 (1995)

- Match of. empirical caustic solubility sample data with
expected solubility for Al and P04

- Ecamole derivation of insoluble Al using TWRS Process
Flowsheet WHC-SD-WM-TI-613 Rev. 1 (1995)

- Solubility variation treatment by the Decision Analysis Model
in iv'HC-3P-0874 (1995)

4. Glass Processing/Waste oxide Limitations

- Comparison of TWRS Rev. 0 and Rev. 1 h'LW glass volumes
- Lim:iting comDonent loadings for various canister counts

compared to EP74?-CVS component limits

5. TWRS flowsheet

Key assumptions used in the Rev. 1 nrocess flowsheet affecting
k^,W glass volume and bases: tank inventories; retrieval rate
and perfo 'rnance; sludge settling, wash stens, and duration;
II,'ri melter volatility

1



WOSK.SEOP AGENDA - EAN?ORD HUR CANISTER P:2OT'^CTION ASSESSMENT

(cont.)

March S. 1996

.. _ ..--.. ,. . .6. Blending'Strategies s.•..... . -.. . -. ..

- Description of physical plant modelling and incidental waste
mixing

- Model.operation and inputs
- Effect of reduced HI,w glass loadings on blend factor

7. Decision .Analysis Model

- Development, operation, and validation of model
- Model parameters relevaEnt to HL'rl glass volume: selection of

TWRS Rev. 1 inventory or IANL inventory; treatment of sludge
solubility uncertainty; selection of waste oxide loading
limits

- Identification of major sensitivities from tornado diagrams
- Calculation of probable outcomes

8. =a.aford Canister Projection

- Derivation of [draft7 BIS canister projection

6References cited durina discussions listed on the followinQ naae.)

2
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HANFORD HLH CANISTER PROJECTION ASSESSMENT

Pacific Northwest National Laboratory

PNL-9814, Revision 2, "The Sort on Radioactive Waste Type Model: A Method to
Sort Single-Shell Tank into Characteristic 6roups," 1995.

PNL-10512, Revision:0, °Sludge Pretreatment:Chemistry•Evaluation:•. Enhanced
Sludge Washing Separatioh Factors,' 1995: `

PNL-8558, "Pretreatment of Neutralized Cladding Removal Waste Sludge: Status
Report," 1993.

PNL-7758, "Characterization of the First Core Sample of Neutralized Current
Acid Waste From Double-Shell Tank 101-AZ," 1989.

PNL-8601, "Pretreatment of Plutonium Fishing Plant (PFP) Sludge: Report for
the Period October 1990 - March 1992," 1993.

PNL-9747, "Pretreatment of Neutralized Cladding Removal Waste Sludge: Results
of the Second Design Basis Experiment," May 1994.

PNL-10712, "Washing and Caustic Leaching of Hanford Tank Sludges: Results of
FY 1995 Studies," 1995.

PNL-8536, "Pretreatment of Neutralized Cladding Removal Waste (NCRW) Sludge -
Results of FY 1991 Studies," 1993.

Westinahouse Hanford Comoany

WHC-SD-WM-DTP-033, Revision 1, "TWRS Process Flowsheet," 1995.

WHC-SD-WM-RPT-167, "Preliminary Retrieval and Blending Strategy" 1995.

WHC-SD-WM-ES-366, °Determine Waste Separations Process Strategy Decision,"
1996.

WHC-EP-0874, "Decision Analysis Model for Assessment of Tank Waste Remediation
System Waste Treatment Strategies," 1995.

Internal Memo, 74A20-96-30, 'Chemical and Radionuclide Inventory for Single
and Double-Shell Tanks,' 1996.

RHO-SA-51, "Removal of Radionuclides from Hanford Defense Waste Solutions,°
1980.

WHC-SD-WM-TI-613, Revision 1, "TWRS Process Flowsheet," 1995.

Letter, 9554823, "Hanford Federal Facility Agreement and Consent Order Target
Milestone M-50-03-T2A,.Submit Report Summarizing the Testing of Enhanced
Sludge Washing and Related Tank Waste Sludge Pretreatment Methods for Samples
of Tank Waste," J. 0. Honeyman, WHC, to W. J. Tyler, DOE-RL,
September 14, 1995.

Los Alamos National Laboratory
3

LAUR 95-2070, "Sludge Washing and Alkaline Leaching Tests on Actual Hanford
Tank Sludge: A Status Report,° 1995.
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ATTACHMENT 5

Uncertainties in Pretreatment Parameters

The object of pretreatment is to reduce the HLW volume before vitrification. The

flow sheet incorporates two major pretreatment steps, a"water wash" (actually
dilute NaOH/NaNO2) and a caustic leach (3M NaOH), followed by additional

.. ..washing. The calculationof the amount and composition of waste that remains

after pretreatment is an important part'of the calculations'of the final canister couiit.

Flow sheet calculations begin by dividing the total waste inventory into water

soluble and water insoluble fractions. The former is called "salt cake" and the latter
"sludge". The fraction of each of these that remains after each pretreatment step is
then calculated.

"Salt cake" is assumed to be 99% water soluble. This is a reasonable assumption
since the partitioning into "salt cake" includes only soluble compounds. Real salt
cake taken from the tanks is a worst case approximation of the "salt cake" used in
the calculations because it may include a number of insoluble compounds that have
coprecipitated or become entrained through mixing. Such materials are correctly
accounted for in the calculations by apportioning them to the water insoluble sludge
fraction. Where they actually reside in the tank is immaterial. The solubility of real
salt cake was examined by Schulz. Schulz examined 200-500 g amounts of salt cake
taken from eight different SST's. The tanks sampled (116-TX, 105-B, 105-S, 108-S,
109-5, 110-5, 102-SX and 103-SX) represent the two predominant types of salt cake
produced by evaporation of Hanford wastes. Schulz' data allows calculation of the
insoluble portion of the salt cake on a vol/vol basis. The average value is 0S% with
a maximum value for any tank of 1.2%.

The flow sheet (Revision 0) used in the EIS used limited data and best engineering
judgement to apportion the waste into water soluble and insoluble fractions and to
calculate the effects of caustic leaching. Calculations have been substantially refined
since then. The LANL model (Agnew et. al.) has been used as the basis for
apportioning the waste into water soluble and insoluble fractions and to break down -
the total inventory into individual waste types. Colton has analyzed water leach
results for 127 SST sludges obtained during waste characterization studies.
Although these results were obtained from a single water wash at a relatively high
water to waste ratio (100:1), they provide a reasonable estimate of the results that
would be obtained from several washes at a lower ratio. The results were used to
calculate a mass weighted average soluble fraction for each component of the sludge.

Calculations of caustic leach factors are based on much more limited data. Rapko et.
al., examined sludges from seven tanks. Temer and Villarreal examined sludges
from six tanks. Two tanks were examined by both studies, so the combined data
covers eleven tanks. The largest uncertainty in the results of these studies is the
representativeness of the samples studied. Most of the samples were composites, but
often of two or three segments out of a total core of eight or more. The
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representativeness of the cores themselves has also been questioned by critics of the
Characterization Program. However, the data are the best available and reasonably
consistent for the•two tanks_analyzed.by both studies. One major weakness in the
studies is that they, indude sainples from-only'one tank _containing redox waste.-- '-'-
Redox waste will be a major source of aluminum and chrome which in turn may be
major drivers of glass volume.

The calculation of caustic leach factors in'the EIS does not depend on experimental
studies. It assumes that only aluminum, chromium, and phosphorus leach with
caustic. Leach factors for these three elements were determined by a number of
assumptions about the compounds formed and the solubility of these compounds
in caustic. Colton compared these assumptions with the PNNf. experimental work.
The calculated and experimental results compare quite well for aluminum and
phosphorus with the calculated results being more conservative. The chromium
results also compare well, but the calculated results are less conservative.

There is no doubt that present calculations of wash and leach factors are on much
more solid ground than they were when the present EIS was written. The data used
are the best available at this time and the calculations have been carried out in a
straightforward and reasonable manner. Although not without uncertainty, the
present wash and leach factors are technically defensible: Uncertainty in the factors
has been incorporated into the probabilistic assessment of the canister count.
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Composition Range for DWPF Waste Glass

Ran,e (vn. 9c)

I Componenc
:... . _ Minimum Maximum

Si0_ 44.6 54.4

A1,03 2.9 I 7.1

BZO3 6.9 10.2

CaO 0.8 1•?

MgO 1.3 1.5

Na:O 8? ^ ' 12.1

K,O 2.1 4.6

Li,O ^ 3.1 4.6

Fe:03 I 7.4 12.7

MnO 1.6 ^ 3.1

7301 I 0.6 1.0

U30$ 0.5 . , 3.2

ZhO: 0.01 0.8

Group A' 0.08 0.2

Grouo Bs 0.08 0.9

aIsotopes of Tc, Se, Te, Rb and Mo
bIsotopes of Ag, Cd, Cr, Pd, Ti, La, Ce, Pr, Pm,
Nd, Sm, Tb, Sn, Sb, Co, Zr, Nb, Eu, Np, Am, and Cm.

.x::. _,. _ .._ .



ATTACHMENT 7

Composition Range for WVDP Glass

Range (w[. 9o}

Component lvlinimum Maximum

S102 . AS 43.2

B,03 11.0 ^ 14.8

K,0 = Li,O rNaO 14,7 18.3

Fe2O3 10.2 I 13.8

A1,O3 5.4 6.6

BaO+CaO+M;O 1.2 1.6

MnO 0.7 0.9

P1O5 •^ ( 0:0 4.0

ThOZ 3.0 4.1

UO3 0.5 0.7

2-.O: I 1.1 1S

Other= ^ ^1.0 8.0

aIndudes CeO2, Cr2O3, Cs2O, CuO, La2O3 , MoO3, Nd2O3,
NiO, PdO, Pr6011; Rh2O3, RuO2, SnO2, TeO2, Y2O3, and ZnO.
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Department of Energy

Richland Operations Office
P.O. Box 550

TE Richiand, Washington 99352
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Dr. A. L. Trego, President
Westinghouse Hanford Company
Richland, Washington

Dear Dr. Trego:

OFFICE OF TANK WASTE REMEDIATION SYSTEM (TWRS) HIGH-LEVEL WASTE (HLW) CANISTER
PROJECTION ASSESSMENT AND PROJECT BASELINE GUIDANCE

An independent review team (IRT) convened in Richland, Washington on
March 4-6, 1996, to review the Ex-Situ Intermediate Separations Tank Waste
Alternative in the Draft Environmental Impact Statement (EIS) for the TWRS
(DOE/EIS-0189). The review was to ensure that the analysis supporting the
Intermediate Separations alternative was technically defensible and that the
analysis methodology was understandable to the general public. The team's
charter and report of its findings and recommendations are enclosed.

Reoort Conclusions

The team reported its findings as follows:

1. "The current range, and median value, of the number of canisters which
will be produced from Hanford HLW contained in the EIS (13,800 to 70,000,
and 33,400, respectively) are conservative."

2. "A range of 13,800 to 50,000 canisters, and a median value of 23,000
canisters, better reflects the current state of understanding of Hanford
waste than the EIS estimates. The value of 23,000 canisters provides a
more representative case for detailed planning of environmental impacts."

3. "In spite of the apparent high waste loading factors, the projected glass
compositions are in the same range as nominal Defense Waste Processing
Facility and West Valley glasses. As noted earlier, the high waste
loading is deceptive due to the large amount of Na and Si contained in
Hanford HLW."

Proiect Baseline Guidance

Westinghouse Hanford Company (WHC) is directed to adopt the median 23,000
canister estimate as the technical baseline for future work. WHC will use
this canister estimate as its program planning baseline for purposes of
estimating the size of processing facilities and the duration of facility
operations and associated capital and expense cost estimates. Future work
shall extend from this baseline and be traceable to it.
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Dr. A. L. Trego
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7WHC should use the information and -conclusions provided by the-IRT-,:to-support-' :.:
closure of appropriate Systems Requirements Review Action Plan`findings and
recommendations.

Multi-Year Program Plan Guidance

The IRT was encouraged by the progress made in defining the tank waste
inventory, and in representing uncertainty using the decision model described

in WHC-EP-0874, "Decision Analysis Model for Assessment of TWRS Waste
Treatment Strategy" (1995). As noted in the technical recommendations of the

team's report, however, the studies presented during the review need to be
completed for the disposal mission technical basis, as well as to fully
utilize the emerging strengths of the decision model. WHC will work to
complete the activities identified in the IRT technical recommendations with

the limited funds available in Fiscal Year 1997. WHC should work.closely with

the Tank Focus Area to support this effort as well 'as complete the required
workscope to meet Hanford Federal Facility Agreement and Consent Order (Tri-
Party Agreement) Milestone M-50-03, "Complete Evaluation of Enhanced Sludge
Washing."

WHC shall continue to plan to retrieve the double shell tank and single shell
tank waste and separate the waste into High-Level and Low-Activity fractions.
Enhanced sludge ivashing (catistic leaching and water washing) shall continue to
be the reference process for project planning purposes until the decision is
made through the TWRS EIS and M-50-03 decision analysis.

The M-50-03 sludge process decision will provide information allowing the
Richland Operations Office to establish minimum performance requirements to be
used in writing the TWRS Privatization Phase II Request for Proposal.

In-tank enhanced sludge washing is the reference process to support delivery
of feed to the private contractors in Phase I of TWRS Privatization. The need
to perform the caustic leaching process step for HLW feed in Phase I will be
established after the contractor's process, Management and Integration
Contractor capabilities, and life cycle costs are better understood.

We appreciate the steadfast support provided by your staff during the review
of the HLW canister projection, particularly:

A. L. Boldt
P. J. Certa
M. E. Johnson
M. J. Kupfer
R. M. Orme.
D. J. Washenfelder
N. G. Colton (PNNL)
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If you have questions regarding this letter, please contact me on 376-7591, or
William J. Taylor on 372-3864.

: .,. ., _ .. -._- _. . . . - 4: ' ._ .._ .. ..- ... . .- ;_l . _ ,
._. : . . . . - --: .. - _: ,. . ^

Sincerely,. . .
C^ ^^^.

^o1 Jackson Kinzer, Assistant Manager
Office of Tank Waste Remediation System

WDD:RG

Enclosure

cc: K. Gasper, WHC
J. Honeyman, WHC
R. Powell, WHC
D. Washenfelder, WHC
G. Mellinger, PNNL
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If-you have questions regarding this.letter, p-leasecontact me on 376-7591, or.
William J. Taylor on 372-3864.

. . . . . . . .
YL .

.. .. . .. .

Sincerely,
ORlGtt+iAL. SIGNED SY

Jackson Kinzer, Assistant Manager
Office of Tank Waste Remediation System

WDD:RG

Enclosure

cc: K. Gasper, WHC
J. Honeyman, WHC
R. Powell, WHC
0. Washenfelder, WHC
G. Mellinger, PNNL

bcc:
R. Gilbert, WDD
N. Brown, WDD
C. Haass, MSD
R. Carreon, WDD
D. Button, WDD
WDD RDG FILE
W00 OFF FILE
CC RDg FILE

RECEIVED
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SURNAME> GILBERT TAYLOR WIRKKALA KINZER
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DATE > 1 ^
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Intermediue Separ.uions

Assumption5: I I I I I I I
1. HLW glass waste oxide loading basis to be 20 vrt% waste oxides (excluding Na20 and Si02) I I I ^
2. Using the WHC engineering data package material balance calculate the w,aste oxide loading

and adjust mau of t.he glass produced to achieve a 20 wt % waste oxide loading

3. LAW glass sodium oxidc loading basis is to be 15 wt% I

InputStseam LAW HLW HLWfraction
STREAM I 407 437 314 344
solids liquids FRIT GLASS FRIT GLASS

Volume kilo-liters

Specific Gravity
Cs and Ba, (MCi) 5.28E+00 6.28E+01 4.93E-01 6.74E+01 0.990011751
Sr and Y. (MCi) 1.05E+02 2.10E+00 1.90E+00 1.05E+02 0.980392157
To, (MCi) 5.89E-03 2.61E-02 239E-02 5.91E-03 0.184745233
Am, (.MC0 9.51E-02 8.61E-03 8.60E-03 932E-02 0.917944268
N.(MCi) 9.29E-05 1.03E-05 1.03E-05 9.29E-05 0.900193798
Pu-239. (MCi) 2.47E-02 1.67E-03 1.67E-03 2.47E-02 0.936670459
Pu-240, (MCi) 628E-03 4.14E-06 4.14E-04 6.28E.03 0.93815357
Pu-241.(l4C1) 7.34E-02 1.49E-03 1.48E-03 7.34E-02 0.980104153
Total TRU, (MCU 2.00E-01 1.22E-02 1.22E-02 2.00E-01 0,942507069
Total MCi 1.11E+02 6.49E+01 2.43E+00 1.73E+02 0.98351336
Total MassFlow (MT) 1.94E+04 7.10E+05 . 2.81E+05 3.87E+05 1.36E+04 2.51E+04
Totzl Cr, (M7) 1.32E+02 5.15E+01 1.44E+02 3.96E+01
Totzl Na. (M7) 1.24E+03 6.51E+04 7.18E+04 2.33E+03
Total Si, (MT) 5.24E+02 5.65E+00 1.07E+05 I.07E+05 5.29E+03 5.83E+03
Total P. (MT) 7.80E+02 8.42E+02 1.35E+03 2.72E+02
Total N02-, (MT) 7.38E+01 9.54E+03
TocU N03-, (MT) 1.03E+03 1.06E+05
AG+ 1.38E+00 3.28E-01 .
AG20 3.52E-01 1.48E+00
AL+3 2.37E+03
AL203 132E+04 1.94E+04 1.73E+03
AL(OH)4- 4.83E+03
AM+3 2.77E-02 231E-03
AM203 2.76E-03 3.05E-02
AS+S 4.98E-01 7.70E-01

AS205 1.18E+00 7.66E-01
B+3 9.94E-01 5.19E-01
8203 1.67E+00 1.75E+03 1.76E+03
BA+2 3.09E+00 7.91E-01
BAO 8.81E-01 3.45E+00
8E+2 7.61E-03 8.19E-02
BEO 2.27E-01 2.16E-02
BI+3 1.96E+02 6.76E+01
B1203 7.52E+01 2.19E+02
C14 4.53E-04 7.43E-04
CA+2 133E+02 1.67E+01

CANCRINITE 2.70E+03
CAO 3.87E+04 3.87E+04 1.89E+02
CD+2 7.93E+00 2.09E+00
CDO 238E+00 9.06E+00
CE+3 2.35E+02 2.37E+00
CE203 2.79E+00 2.76E+02
CL. 3.49E+00 3.11E+02

CL2
CO
C02
C03-2 2.25E+02 3.37E+03
CR+3 132E+02
CR203 2.11E+02 5.79E+01
CR(0H)4- 1.19E+02
CS+ 9.25E-02 8.I9E-01

CS20 6.83E-03 938E-01
CU+2 7.46E-01 1.77E-01
CUO 2.21E-0I 9.34E-01
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ImcmeCiue Separa[iors

CUSO4 1 1 1 1 1 1
F- 5.97E+01 1 1.12E+03 1 I I " I
F2 I I
FE+3 7.63E+02 1 1.44E+01 1 ' I I
FE2O3 I 2.06E+01 1.31E+03 1 I
H2
H20 I 5.07E+05 1
H2S I
HG
HG+2 9.00E-03 9.49E-01 I
1• 2.02E+O1 5.46E+02
12
K+ 2.30E+01 2.19E-0I
K20 2.65E-0I 2.53E+0I
KEROSENE I
LA+3 2.10E+01 2.19E-01
LA203 2.58E-01 2.46E+01
LI+ 2.46E-02 5.77E-03
L120 1.24E-02 5.00E+02 5.03E+02
MG+2 1.10E+01 9.65E-01
MGO 1.60E+00 1.88E+01
MN02 2.09E+02 2.17E+01 2.16E+01 2.09E+02
MO+6 8.01E-01 4.87E+00
M003 7.29E+00 1.22E+00
N2
NA+ 7.77E+02 6.51E+04
NA20 I 9.68E+04 3.14E+03
NH3
NI+3 6.57E+00 4.07E+00
NI2FECN6 5.00E+02
N1203 5.72E+00 9.27E+00

N10 I30E-02 2.27E+02

NO
N02
N02• 7.38E+01 9.54E+03
N03• 1.03E+03 1.06E+05
NP+4 1.32E-0I 1.46E-02
NP02 1.66E-02 1.50E-01

02
OH- 5.00E+03 6.44E+03
PB+4 328E+00 1.96E+00
PB02 216E+00 3.79E+00
P04-3 2.39E+03 2.58E+03
P205 3.09E+03 6.22E+02
P20524W 5.21E-01
PU+4 4.27E-01 2.88E-02

PU02 3.26E-02 4.84E-01
S
SI+4 7.90E+01 5.65E+00
3102 229E+05 2.29E+05 1.13E+04 1.25E+04
S02
504-2 3.97E+01 2.016+03
SR+2 3.64E+01 3.75E-01
SRO 4.00E-0! 429E+01
TC02
TC04• 5.68E-01 232E+00
TC207 2.39E+00 5.45E-01
TOC 1.16E+02 I.42E+03
1302+2 1.58E+03 832E+01
U03 9.02E+0I 1.67E+03
V+5 I.88E-01 6.20E-02

V205 I I.11E-01 3.35E-0I

W+6 7.47E-0I I
W02 2.91E-05 4.4fE-0I

W03 9.40E-0I 2.06E-03 I

214+2 9.45E-01 3.59E+001
ZNO 4.46E+00 1.19E+00
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Imermcdiate Sepatadons

ZR+4 2.77E+n 4.48E-0 11 I I
ZR02

i

6.49E-01 1 6.90E+0? I
2R02:2H2 4.09E+02 ^ 2.15E+0 1 I I

I '
WHC Dxta Paekace Iia<isc ^

Mau LAW wasce oxides 106544 73752
LAW waste loading (waste oxide) 28% 1
LAW wa.ste loading (sodium oxide) 25%
Mass HLW waste oxides 7.26E+03
HLW waste loading (waste oxides)

HLW WOL (. Na2O. - SiO2) 29%
HLW WOL (all lank wa.ue) 46%.

HLw

20 s.t. % waste oxide loadinn

Blending faaor

Mass of glass required to achieve 20% wo loading, MT
I

36293.1358
1.25

45366.41975 54439.7037
2

72586.2716
3.5

127025.9753
addidonal ftit «quired (equals increased glass) MT 1.12E+04 2.03E+04 + 4.75E+04 1.02E+05
total fru ired, MT • 2.48E+04 3.39E+04 4.29E+04 6.11E+04 1.16E+05
WOL(-Na20,-Si02) 20% 16% 13% 10% 6%
WOL(withalltankwastes) 32% 25% 21% 16% 9%

glass deaeit (MT/m'3) 2.63
cullet ing fraction 0.7 (LAW only)

Wastcvolume(m3) 1.38E+04 1.72E+04 2.07E+04 2.76E+04 4.83E+04
Canister Volume (m'3) 0.62
Numher of Canisten (!x) 2.23E+04 2.78E+04 3.34E+04 4.45E+04 7.79E+04
Nu. of Canisters /HMPC 4

NumberofHMPCs 5.56E+03 6.96E+03 8.35E+03 1.11E+04 1.95E+04
Number of ' s® 10 HMPCs /tri 556 696 835 1113 1948

Glazs fnrmulatinne

(ref Est. Sep Data Pkg.) aa table mnge 1 1.25 1.5 2 3.5

SiO2 42to57wt9. 60.07% 64.68% 67.759. 71.59% 76.52%
B203 5to20wt% 8.82% 9.63% 10.17% 10.849. 11.71%
Na2O 5 to20wt% 8.65% .6.92% 5.77% 4.33% 2.47%
Li20 ]to7wt% 2.52% 2.75% 2.91% 3.10% 3.35%
Fe203 2 to 15 wt % 3.33% 0.00% 0.00% 0.00% 0.00%
CaO < or- 10 wt % 032% 0.42% 0.35% 0.26% 0.15%
MgO <or - 8wt% 0.05% 0.04% 0.03% 0.03% 0.01%
A1203 < or - 15 wt % 4.77% 3.81% 3.18% 2.38% 1.36%
ZrO2 < or - 13 wt % 1.90% 1.52% 1.27% 0.95% 0.54%
0203 <or - 0.5wt% 0.16% 0.13% 0.11% 0.08% 0.05%
P205 < or - 3 wt % 1.71% 1.37% 1.14% 0.86% 0.49%
S03 <or-03wt%

Hi.W Faeilitv Cizinv

Schedule 14 yrs

Capacity MT/day 20

Ovenllefftelency.% 36% 44% 53% 71% 124%
Requ ired capacity MT/day (assuming 14 yrs ops. 60% OE) 11.84 14.80 17.76 23.67 41.43
Requ ired operati ng durulon yu (assuming 20 MT/day, 60% OE) 1036 12.43 16.57 29.00

IS wt % waste oxide loading

Mass of glass required to achieve 15% wo loading MT 4.84E+04 6.05E+04 7.26E+04 9.68E+04 1.69E+05
Volume (m'3) 1.84E+04 2.30E+04 2.76E+04 3.68E+04 6.44E+04
Number of Canistets (1x) 2.97E+04 3.73E+04 4.45E+04 5.94E+04 1.04E+05

40 wt % waste oxide loading
Mass of glass uired to achieve 40% wo loading MT 1.81E+04 2.27E+04 2.72E+04 3.63E+04 6.35E+04
Volume(m3) 6.90E+03 8.62E+03 1.03E+04 1.38E+04 2.41E+04 ^
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Number of Canisren ( 1x) I.IIE+04 1 139E+041 1.67E+04 1 2.23E+04 1 3.90E+04 1

I I I

LA^v A
I

15 we. % sodium odde loadino

Blending factor 1 ' 1.5 2 1 3.5

Mass of glass required to achieve 15% wo Ioading. MT 6.45E+05 8.07E+0 9.68E+05 1F9E+06 2.26E+06

addition2l ftit required ( vals incraued glau) MT 3.64E+05 5.2 +05 6.87E+05 I.OIE+06 1.98E+06

total trit required. MT 6.45E+05 8.07E+05 9.68E+05 1:19E+06 1 2.26E+06

glau dernity (MT/m'3) 2.63
cullet Packing fraction 0.7 1

Waste volume (m'3) 3.51E+05 4.38E+05 5.26E+05 7.01E+05 I.23E+06

Number of 5300 m"3 vaults 66 83 99 132 231

LAW facility sizing

Schedule, years • 14

Capacity MT/day 200

OvemllefOciency,% 63% 79% 95% 126% 221%

Required capacity MT/day (auuming 14 yrs ops. 60% OE) 210.48 263.10 315.72 420.96 736.68

Required operazing duration yrs (auuming 200 MT/day, 60% OE) 14.73 18.42 22.10 29.47 51.57

10 wt % sodium oxide loadine

Blending factor 1 1.25 2 3.5

Mass of giass required to achieve 10 968000 1210000 1936000 3388000

Waste volume. m"3 525801.195 657251.4938 1051602.39 1840304.183
Number of 5,300 m"3 vaolcs 99 124 198 347

15 we. % eedium ovlde loadino

Blending factor 1 1.25 2 3.5

Mass of glass ired to achive 25 wt % Na20 387200 484000 774400 1355200

Waste Volume 210320.478 262900.5975 420640.956 736121.673

Number of 5.300 m"3 vaults 40 50 79 139
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DISCIPLINE & TITLE

TWRS EIS
CALCULATION COVER SHEET

Mo841c&-,ons -{z-, --s,,pPooT DEiS Rev C MoDAr.AT/o,J^,

ORIGINATOR l.D^- ^^.) 1=^n?cQ^rSo^ DATE

REVISION NO.

OBJECTIVE

41

Cvars2f

METHODOLOGY

Daro ^sce wuc-so-IuM-^ - ro3,-_i(,^^, - io4 a^l Qp,^v O•

ASSUMPTIONS

(Continue on another sheet if necess ry)

L^ (ea^cw^iar - • Z/t`/4(O

TESUR

CHECKED/D E

CALCULATION & RESULTS
ATTACHED

lACOBSIFORMSI CALCVR.SHT



Assumptions

1. HLW glass for any of the ex situ alternatives involving separations is calculated at

20 wt % waste oxides. The waste oxides exclude silica and sodium.

2. The HLW for the No Separations case is calculated at 20 wt % sodium oxide.

Note: EA glass limits are 17% Na20 and 4.3% Li20 and each Li20 is equivalent to 2

Na2O so the EA glass is equivalent to 25 % Na20 without any Li20. The privatization RFP

states that the HLW glass will be 25 wt % waste oxides not counting the Na2O or Si02.

3. The LAW glass composition is calculated at 15 wt % Na2O.

4. The canister size for all HLW is set at 0.62 m"3 ( 1X canister)

5. The material balances contained in the WHC data packages were used to calculate

the waste oxides for the HLW and LAW streams.

6. Sensitivity analysis will be done for the Intermediate Separations alternative at 15 wt %,

and 40 wt % waste oxide loading.

7. The material balance for the Intermediate Separations case was used for the Phased

Implementation alternative and was modified to account for additional radionuclide

separations.

8. For purposes of interim onsite storage and transportation to the repository 4 of the lx

cans are assumed to be placed into an HMPC or similar packaging and would be

repackaged at the repository.
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Ex Situ alternative comparison

Waste Blending Canister Count (HLW) or, Canister Size Overall Duration of Trips to Repository
Loading Factor Number of LAW Vaults Vault Size Processing Plant Operations 10 rail cars/train
weight % (m"3) Efficiency (years) 4 can/HMPC

No Separations

WHC Data Pkg. 30% 1 21400 10 36% 14
Proposed DEIS 20% 1.5 587426 0.62 60% 15 14686

Intermediate Separations
HLW

WHC Data Pkg. 45% 1 6800 1.26 25% 14 170
Proposed DEIS 20% 1.5 33386 0.62 60% 12 835

LAW
WHC Data Pkg 25% 1 40 5300 36% 14
Proposed DEIS 15% 1.25 83 5300 60% 19

Extensive Separations

HLW
WHC Data Pkg. 34% 1 502 0.62 26% 14 13
Proposed DEIS 20% 1.5 1571 0.62 50% 14 39

LAW
WHC Data Pkg. 25% 1 40 5300 36% 19
Proposed DEIS 15% 1.25 83 5300 60% 19

Ex Situ/In Situ Combinati on

HLW
12/95 DEIS 45% 1 3400 1.26 25% 14 85
Proposed DEIS 20% 1.5 16694 0.62 60% 12 418

LAW
12/95 DEIS 25% 1 20 5300 36% 14
Proposed DEIS 15% 1.25 42 5300 60% 19

Phased Implementation

HLW
12/95 DEIS 0.45 1 6800 1.26 60% to 70% Phl=10, Ph2=14 170
Proposed DEIS 0.2 1.5 33386 0.62 60% to 85% Ph1=6, Ph2=17 835

LAW
12/95 DEIS 0.25 1 40 5300 60% to 70% Ph1=10, Ph2=11
Proposed DEIS 0.15 1.25 83 5300 60% to 85% Ph=10, Ph2=13
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No Separations

Assumptions: I
1. HLW glass waste oxide loading basis to be 20 wt% sodium oxides -

2. Using the WHC engineering data package material balance calculate the waste oxide loading

and adjust mass of the glass produced to achieve a 20 wt % sodium oxide loading

Input Frit Output

Streami stream407 stream437

liquids solids

Volume kilo-liters 5.85E+05

Specific Gravity 1.21E+00

Cs and Ba, (MCi) 6.28E+01 5.28E+00 6.79E+01

Sr and Y, (MCi) 2.10E+00 1.05E+02 1.07E+02

Tc, (MCi) 2.61E-02 5.89E-03 3.18E-02

Am, (MCi) 8.61E-03 9.51E-02 1.04E-01

Np, (MCi) 1.03E-05 9.29E-05 1.03E-04

Pu-239, (MCi) 1.67E-03 2.47E-02 2.64E-02

Pu-240, (MCi) 4.14E-04 6.28E-03 6.70E-03

Pu-241,(MCi) 1.49E-03 7.34E-02 7.48E-02

Total TRU, (MCi) 1.22E-02 2.OOE-01 2.12E-01

Total MCi 6.49E+01 1.11E+02 1.76E+02

Total Mass Flow (MT) 7.10E+05 1.94E+04 2.50E+05 3.57E+05

Total Cr, (MT) 5.15E+01 1.32E+02 1.84E+02

Total Na, (MT) 6.51E+04 1.24E+03 6.63E+04

Total Si, (MT) 5.65E+00 5.24E+02 9.56E+04 9.61E+04

Total P, (MT) 8.42E+02 7.80E+02 1.62E+03

Total N02-, (MT) 9.54E+03 7.38E+01

Total N03-, (MT) 1.06E+05 1.03E+03

AG+ 3.28E-01 1.38E+00

AG20 1.83E+00

AL+3 2.37E+03

AL203 1.00E+04 1.79E+04

AL(OH)4- 4.83E+03

AM+3 2.51E-03 2.77E-02
AM203 3.32E-02

AS+5 7.70E-01 4.98E-01

AS205 1.95E+00

B+3 5.19E-01 9.94E-01

B203 4.87E+00

BA+2 7.91E-01 3.09E+00

BAO 4.33E+00

BE+2 8.19E-02 7.61E-03

BEO 2.48E-01

BI+3 6.76E+01 1.96E+02

BI203 2.94E+02

C14 7.43E-04 4.53E-04

CA+2 1.67E+01 1.33E+02
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No Separations

CANCRINITE 2.70E+03

CAO 3.55E+04 3.58E+04

CD+2 2.09E+00 7.93E+00

CDO 1.14E+01

CE+3 2.37E+00 2.35E+02

CE203 2.78E+02

CL- 3.11E+02 3.49E+00

CL2

CO
C02
C03-2 3.37E+03 2.25E+02

CR+3 1.32E+02

CR203 2.68E+02

CR(OH)4- 1.19E+02

CS+ 8.19E-01 9.25E-02

CS20 9.65E-01

CU+2 1.77E-01 7.46E-01

CUO 1.16E+00

CUSO4
F- 1.12E+03 5.97E+01

F2
FE+3 1.44E+01 7.63E+02

FE203 1.23E+03

H2

H20 5.07E+05

H2S

HG
HG+2 9.49E-01 9.OOE-03

I- 5.46E+02 2.02E+01

12
K+ 2.19E-01 2.10E+01
K20 2.56E+01

KEROSENE
LA+3 2.19E-01 2.10E+01

LA2O3 2.49E+01

LI+ 5.77E-03 2.46E-02

L120 6.53E-02

MG+2 9.65E-01 1.10E+01

MGO 1.98E+01

MNO2 2.17E+01 2.09E+02 2.31E+02

MO+6 4.87E+00 8.01E-01

MOO3 8.51E+00

N2

NA+ 6.51E+04 7.77E+02

NA20 8.94E+04

NH3
NI+3 4.07E+00 6.57E+00

NI2FECN6 5.OOE+02

NI2O3 1.50E+01
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No Separations

NIO 2.27E+02 1,
NO "
N02

N02- 9.54E+03 7.38E+01

NO3- 1.06E+05 1.03E+03

NP+4 1.46E-02 1.32E-01

NPO2 1.66E-01

02

OH- 6.44E+03 5.OOE+03
PB+4 1.96E+00 3.28E+00

PBO2 6.05E+00
P04-3 2.58E+03 2.39E+03

P205 3.71E+03

P205:24W 5.21E-O1

PU+4 2.88E-02 4.27E-01

PUO2 5.16E-01

S
SI+4 5.65E+00 7.90E+01

SI02 2.04E+05 2.06E+05

S02
S04-2 2.01E+03 3.97E+01
SR+2 3.75E-01 3.64E+01

SRO 4.33E+01

TCO2
TCO4- 2.52E+00 5.68E-01

TC207 2.94E+00

TOC 1.42E+03 1.16E+02

U02+2 8.52E+01 1.58E+03

U03 1.76E+03
V+5 6.20E-02 1.88E-01
V205 4.46E-01
W+6 7.47E-01

W02 4.41E-01
W03 9.42E-01
ZN+2 3.59E+00 9.45E-01
ZNO 5.65E+00
ZR+4 4.48E-01 2.77E+02

ZRO2 7.07E+02
ZRO2:2H2 2.15E+01 4.09E+02

WHC data package basis:

mass waste oxides 1.08E+05
waste loading (wt%) 30%
sodium oxide loading 25%

20 wt. % sodium oxide loadine

Blending factor 1 1.25 1.5 2 3.5
Mass of glass required to achieve 20% sodium loading, M 4.47E+05 5.59E+05 6.71E+05 8.94E+05 1564500
additional frit required (equals increased glass) MT 9.00E+04 2.02E+05 3.14E+05 5.37E+05 1.21E+06
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No Separations

total frit required, MT I I 1 3.40E+05 4.52E+05 5.64E+05 ^ 7.87E+05 1 1.46E+06

Waste Loading (Na20 wt. %) ^ 20% 16% 13% 10% j 6%
Waste Loading (waste oxides) 1 24% 19% 16% 12% 1 7%

glass density (MT/m"3) 2.63

cullet packing fraction 0.7

Waste volume (m"3) 2.43E+05 3.04E+05 3.64E+05 4.86E+05 8.50E+05

Canister Volume (m"3) 0.62

Number of Canisters (lx) 3.92E+05 4.90E+05 5.87E+05 7.83E+05 1.37E+06

Number of Canisters per HMPC 4

Number of HMPCs 9.79E+04 1.22E+05 1.47E+05 1.96E+05 3.43E+05

Number of trips @ 10 HMPCs /trip 9.79E+03 1.22E+04 1.47E+04 1.96E+04 3.43E+04

Glass formulation:

(ref Ext. Sep Data Pkg. acceptable range Calculated value

Si02 42 to 57 wt % 62.51% 66.33% 68.88% 72.06% 76.15%
B203 5 to 20 wt % 0.00% 0.00% 0.00% 0.00% 0.00%
Na2O 5 to 20 wt % 20.00% 16.00% 13.33% 10.00% 5.71%
Li20 I to 7 wt % 0.00% 0.00% 0.00% 0.00% 0.00%
Fe203 2 to 15 wt % 0.28% 0.22% 0.18% 0.14% 0.08%
CaO < or= 10 wt % 10.87% 11.53% 11.98% 12.53% 13.25%
MgO < or = 8 wt % 0.00% 0.00% 0.00% 0.00% 0.00%
A1203 < or = 15wt % 4.81% 4.65% 4.54% 4.40% 4.23%
Zr02 < or = 13 wt % 0.16% 0.13% 0.11% 0.08% 0.05%
Cr203 < or = 0.5 wt % 0.06% 0.05% 0.04% 0.03% 0.02%
P205 < or = 3 wt % 0.83% 0.66% 0.55% 0.41% 0.24%
S03 <or=0.5wt%

Facilit,v i^in

Schedule 14 yrs

Capacity MT/day 200

Overall efficiency, % 44% 55% 66% 87% 153%
Required capacity MT/day (assuming 14 yrs ops, 60% OE) 182 219 292 510
Required operating duration yrs (assuming 200 MT/day, 60% OE) 13 15.31 20 36

15 wt % sodium oxide loading
Mass of glass required to achieve 15% wo loading MT 5.96E+05 Na2O loadin 15%
Volume (m"3) as cullet 3.24E+05

Number of Canisters (lx) 5.22E+05

40 wt % sodium oxide loading

Mass of glass required to achieve 40% wo loading MT 2.24E+05 Na2O loadin 40%
Volume (m"3) as cullet 1.21E+05
Number of Canisters (lx) 1.96E+05
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Intermediate Separmions

Assumptions: I I I I
I. HLW glass waazte oxide loading basis to be 20 wt% waste oxides (excluding Na2Q and Si02)
2. Using the WHC engineering data package material balance calculare the waste oxide loading
and adjust mass of the glass produced to achieve a 20 wt % waste oxide loading

3. LAW glass sodium oxide loading basis is to be 15 wt%

InputStream LAW HLW HLWfraction
STREAM 1 407 437 314 344
solids liquids FRIT GLASS FR1T GLASS

Volume kilo-liten

Specific Gravity

Cs and Ba. (MCi) 5.28E+00 6.28E+01 4.93E-01 6.74E+01 0.990011751
Sr and Y, (MCi) 1.05E+02 2.I0E+00 1.90E+00 1.05E+02 0.980392157
Tc. (h1Ci)
Am, (MCi)

5.89E-03
9.51E-02

2.61E-02
8.61E-03

2.59E-02
8.60E-03

5.91E-03
9.52E-02

0.184745233
0.917944268

Np, (MCi) 9.29E-05 1.03E-05 1.03E-05 9.29E-05 0.900193798
Pu-239, (MCi) 2.47E-02 1.676-03 I.67E-03 2.47E-02 0.936670459
Pu-240, (MCi)

Pu-241.(MCi)

6.28E-03

7.34E-02

4.14E-04

1.49E-03
4.14E-04

1.48E-03
6.28E-03

7.34E-02
0.93815357

0.980104153
Torol TRU, (MCi)
Total MCi

2.00E-01
I.IIE+02

1.22E-02
6.49E+01

1.22E-02
2.43E+00

2.00E-01
1.73E+02

0.942507069
0.98351336

Total Mass Flow (MT) 1.94E+04 7.10E+05 2.81E+05 3.87E+05 1.36E+04 2.51E+04
Totxl Cr, (M7) 1.32E+02 5.15E+01 1.44E+02 3.96E+01
Total Na, (MT) 1.24E+03 6.51E+04 7.I8E+04 2.33E+03
Total Si. (.NT) 5.24E+02 5.65E+00 1.07E+05 1.07E+05 5.29E+03 5.83E+03
Totzl P. (hIT) 7.80E+02 8.42E+02 1.35E+03 2.72E+02
Total N02-, (MT) 7.38E+01 9.54E+03

Total N03-. (MT) 1.03E+03 1.06E+05
AG+ 1.38E+00 3.28E-01
AG20 3.52E-0I 1.48E+00
AL+3 2.37E+03
AL203 1.32E+04 1.94E+04 1.73E+03
AL(OH)4- 4.83E+03
AM+3 2.77E-02 2.51E-03

AM203 2.76E-03 3.05E-02
AS+5 4.98E-01 7.70E-0I

AS205 I.I8E+00 7.66E-01
B+3 9.94E-01 5.19E-01
B203 I.67E+00 1.75E+03 1.76E+03
BA+2 3.09E+00 7.91E-01
BAO 8.8IE-01 3.45E+00
BE+2 7.61E-03 8.I9E-02

BEO 2.27E-01 2.16E-02
BI+3 1.96E+02 6.76E+01
B1203 7.52E+01 2.19E+02
C14 4.53E-04 7.43E-04
CA+2 1.33E+02 1.67E+01
CANCRINITE 2.70E+03
CAO 3.87E+04 3.87E+04 1.89E+02
CD+2 7.93E+00 2.09E+00
CDO 2.38E+00 9.06E+00
CE+3 2.35E+02 2.37E+00
CE203 2.79E+00 2.76E+02
CL- 3.49E+00 3.11E+02
CL2
CO
C02
C03-2 2.25E+02 3.37E+03
CR+3 1.32E+02
CR203 2.11E+02 5.79E+01
CR(OH)4- 1.19E+02
CS+ 9.25E-02 8.19E-01
CS20 6.83E-03 9.58E-01
U+2

F

C 7.46E-01 1.77E-01

CUO 2.21E-01 9.34E-0I
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Intermediate Separations

CUSO4 I ' I I
F- 5.97E+01 1.I2E+03

F2
FE+3 7.63E+02 1.44E+01

FE203 2.06E+01 1.212+03
H2
H20 5.07E+05
H2S

HG
HG+2 9.00E-03 9.49E-01
I- 2.02E+01 5.46E+02
12
K+ 2.10E+01 2.19E-01
K20 2.65E-01 2.53E+01
KEROSENE
LA+3 2.10E+01 2.19E-01
LA203 2.58E-01 2.46E+01
LI+ 2.46E-02 5.77E-03

L120 1.24E-02 5.00E+02 5.03E+02
MG+2 1.10E+01 9.65E-01
MGO 1.60E+00 1.88E+01
MN02 2.09E+02 2.17E+01 2.16E+01 2.09E+02
MO+6 8.01E-0I 4.87E+00

M003 7.29E+00 I.22E+00
N2
NA+ 7.77E+02 6.51E+04

NA20 9.68E+04 3.14E+03
NH3
NI+3 6.57E+00 4.07E+00
NI2FECN6 5.00E+02
N1203 5.72E+00 9.27E+00
NIO 1.50E-02 2.27E+02

NO
N02

N02- 7.38E+01 9.54E+03
N03- 1.03E+03 1.06E+05

NP+4 1.32E-01 1.46E-02
NP02 1.66E-02 1.50E-01
02
OH- 5.00E+03 6.44E+03

PB+4 3.28E+00 1.96E+00
P802 2.26E+00 3.79E+00
P04-3 2.39E+03 2.58E+03
P205 3.09E+03 6.22E+02
P205•24W 5.21E-01
PU+4 4.27E-01 2.88E-02
PU02 3.26E-02 4.84E-0I
S
SI+4 7.90E+01 5.65E+00
S102 2.29E+05 2.29E+05 1.13E+04 I.25E+04
S02

S04-2 3.97E+01 2.01E+03
SR+2 3.64E+01 3.75E-0I
SRO 4.00E-01 4.29E+01
TC02
TC04- 5.68E-0I 2.52E+00
TC207 2.39E+00 5.45E-01
TOC 1.16E+02 1.42E+03
U02+2 1.58E+03 8.52E+01
U03 9.02E+01 1.67E+03
V+5 1.88E-0I 6.20E-02
V205 I.11E-01 3.35E-01
W+6 7.47E-0I

W02 2.91E-05 4.41E-0!
WO3 9.40E-0I 2.06E-03
ZN+2 9.45E-0! 3.59E+00
ZNO 4.46E+00 1.19E+00
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Intermediate Separations

ZR+4 I 2.77E+01 1 4.48E-0 1 i

ZR02 1 6.49E-01 6.90E+02
ZR02:2H2 4.09E+02 2.15E+01

Wu Data Pa k+ B^<is:

Mass LAW waste oxides 106544.7302
LAW waste loading (waste oxide) 28%
LAW waste loading (sodium oxide) 25%,

Mass HLW waste oxides 7.26E+03
HLW waste loading (waste oxides)

HLW WOL (- Na2O. - SiO2) 29%,

HLW WOL (all tank waste) 46%

HLW

20 wt. % wasre oxide loadine

Blending factor 1 1.25 1.5 2 3.5
Mass of glass required to achieve 20% wo loading, MT 36293.1358 45366.41975 54439.7037 72586.2716 127025.9753
additional frit required (equals increased glass) MT 1.12E+04 2.03E+04 2.93E+04 4.75E+04 I.02E+05
total frit required, MT 2.48E+04 3.39E+04 4.29E+04 6.11E+04 1.16E+05
WOL(-Na20.-Si02) 20% 16% 13% 10% 6%
WOL (with all tank wastes ) 32% 25% 21% 16% 9%

g)ass density (MT/m'3) 2.63
cullet packing fraction 0.7 (I.AW oNy)

Waste volume (m"3) 1.38E+04 I.72E+04 2.07E+04 2.76E+04 4.83E+04
Canister Volume (m3) 0.62

NumberofCanisters(Ix) 2.23E+04 2.78E+04 3.34E+04 4.45E+04 7.79E+04
No. of Canisters /HMPC 4

Number of HMPCs 5.56E+03 6.96E+03 8.35E+03 1.11E+04 1.95E+04
Number of trips ® 10 HMPCs Itrip 556 696 835 1113 1948

Glass formulatiun:

(ref Ext. Sep Data Pkg.) acceptable range 1 1.25 1.5 2 3.5

SiO2 42 to 57 wt % 60.07% 64.69% 67.75% 71.59% 76.52%
B203 5to20wt% 8.82% 9.63% 10.17% 10.84% 11.71%
Na2O 5to20wt% 8.65% 6.92% 5.77% 4.33% 2.47%
Li20 I to 7 wt % 2.52% 2.75% 2.91% 3.10% 3.35%
Fe203 2 to 15 wt % 3.33% 0.00% 0.00% 0.00% 0.00%
CaO < or- 30 wt % 0.52% 0.42% 0.35% 0.26% 0.15%
MgO < or = 8 wt % 0.05% 0.04% 0.03% 0.03% 0.01%
A1203 < or - 15 wt % 4.77% 3.81% 3.18% 2.38% 1.36%
ZrO2 < or - 13 wt % 1.90% 1.52% 1.27% 0.95% 0.54%
Cr203 <or - 0.5 wt % 0.16% 0.13% 0.11% 0.08% 0.05%
P205 < or - 3 wt % 1.71% 1.37% 1.14% 0.86% 0.49%
S03 <ora0.5wt%

HLW Fzeilitv Si>ina

Schedule

9M

Capacity MT/day

20Overall efficiency. % 36% 44% 53% 71% 124%
Required capacity MT/day (assuming 14 yn ops, 60% OE) 11.84 14.80 17.76 23.67 41.43
Required operaring duration yrs (assuming 20 MT/day. 60% OE) 10.36 12.43 16.57 29.00

15 wt % waste oxide loading

Mass of glass required to achieve 15% wo loading MT 4.84E+04 6.05E+04 7.26E+04 9.68E+04 1.69E+05
Volume (m'3) 1.84E+04 2.30E+04 2.76E+04 3.68E+04 6.44E+04
NumberofCankters(I:) 2.97E+04 3.71E+04 4.45E+04 5.94E+04 1.04E+05

40 wt % waste oxide loading

Mas.s of glass required to xchieve 40% wo loading MT 1.81E+04 2.27E+04 2.72E+04 3.63E+04 6.35E+04
Volume (m^3) 6.90E+03 8.62E+03 1.03E+04 1.38E+04 2.41E+04
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Intcrmediate Separations

Number of Canisters (lx) 1 1.11E+04 1.39E+04 1.67E+04 2.23E+04 3.90E+04 ^

I,AW

15 Wt. % sodium orideloadin¢

Blending factor 1 1.25 1.5 2 3.5
Mass of glass required to achieve 15% wo Ioading. MT 6.45E+05 8.07E+05 9.68E+05 1.29E+06 2.26E+06
additional frit required (equals increased glass) MT 3.64E+05 5.26E+05 6.87E+05 1.01E+06 1.98E+06

toml frit required, MT 6.45E+05 8.07E+05 9.68E+05 1.29E+06 2.26E+06

glass density (MT/m"3) 2.63
cullet packing fraction 0.7

Waste volume (m"3) 3.51E+05 4.38E+05 5.26E+05 7.0IE+05 1.23E+06

Number of 5300 m"3 vaults 66 83 99 132 231

LAW facility sizing

Schedule, years 14

Capacity MT/day 200

Overall efficiency, % 63% 79% 95% 126% 221%

Required capacity MT/day (assuming 14 yrs ops, 60% OE) 210.48 263.10 315.72 420.96 736.68

Required operating dumtion yrs (assuming 200 MT/day, 60% OE) 14.73 18.42 22.10 29.47 51.57

10 wt. To sodium oxide Ioadina

Blending factor 1 1.25 2 3.5
Mass of glass required to achicve 10 968000 1210000 1936000 3388000

Waste volume, rti3 525801.195 657251.4938 1051602.39 1840304.183

Number of 5,300 m"3 vaults 99 124 198 347

25 wt. To um oside loading

Blending factor 1 1.25 2 3.5

Mass of glass required to achive 25 wt % Na2O 387200 484000 774400 1355200

Waste Volume 210320.478 262900.5975 420640.956 736121.673
Number of 5.300 m'3 vaults 40 50 79 139
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Assumptions: I I I I I I
1. HLW glass waste oxide loading basis to be 20 wt% waste oxidesjexcluding Na2O and Si02)
2. Using the WHC engineering data package material balance calculate the waste oxide loading
and adjust mass of the glass produced to achieve a 20 wt % waste oxide loading
not counting the Si02 or the Na2O

Input Stream LAW HLW
STREAM 1 407 437 1314 1344
solids liquids FRIT GLASS FRIT GLASS

Volume kilo-liters 5.84E+05

Specific Gravity 1.21E+00

Cs and Ba, (MCi) 7.60E+00 6.72E+01 6.86E-02 7.46E+01
Sr and Y, (MCi) 1.37E+02 1.41E+00 1.40E-02 1.37E+02
Tc, (MCi) 5.89E-03 2.61E-02 1.53E-04 3.17E-02
Am, (MCi)

Np, (MCi)

Pu-239, (MCi)
Pu-240, (MCi)
Pu-241,(MCi)

Total TRU, (MCi) 1.92E-01 1.52E-02 1.20E-03 2.06E-01
Total MCi 1.45E+02 6.87E+01 8.39E-02 2.12E+02
Total Mass Flow (MT) 2.37E+04 7.06E+05 2.65E+05 3.86E+05 8.73E+02 1.32E+03
Total Cr, (MT)
Total Na, (MT)

Total Si, (MT)
Total P, (MT)
Total N02-, (MT)
Total N03-, (MT)
AG+ 1.38E+00 3.28E-01
AG20 4.07E-01 1.43E+00
AL+3 2.37E+03
AL203 1.16E+04 1.93E+04 1.94E+02
AL(OH)4- 4.83E+03
AM+3 2.77E-02 2.51E-03
AM203 3.41E-05 3.32E-02
APM- 3.44E-03
AS+5 4.98E-01 7.70E-01
AS205 4.33E-01 1.51E+00
B+3 9.94E-01 5.19E-01
B203 4.82E+00 1.22E+02 1.22E+02
BA+2 3.09E+00 7.91E-01
BAO 8.76E-01 3.46E+00
BE+2 7.61E-03 8.19E-02
BEO 5.53E-02 1.93E-01
BI+3 1.96E+02 6.76E+01
31203 2.90E+02 3.45E+00
C14 4.53E-04 7.43E-04
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CA+2 1.33E+02 1.67E+01

CANCRINITE 2.70E+03 -

CAO 3.84E+04 3.86E+04 2.34E+00
CD+2. 7.93E+00 2.09E+00

CDO 1.13E+01 1.26E-01
CE+3 2.35E+02 2.37E+00
CE203 2.75E+02 3.40E+00
CL- 3.49E+00 3.11E+02
CL2

CO
C02
C03-2 2.25E+02 3.37E+03

CR+3 1.32E+02

CR203 2.67E+02 1.38E+00
CR(OH)4- 1.19E+02
CS+ 9.25E-02 8.19E-0 I
CS20 8.85E-04 9.64E-01
CU+2 7.46E-01 I.77E-01
CUO 2.57E-01 8.99E-01
CUSO4

F- 5.97E+01 1.12E+03
F2
FE+3 7.63E+02 1.44E+01
FE203 3.74E+03 4.24E+01
H2
H20 5.07E+05 2.11E-04 1.10E+00
H2S
HG
HG+2 9.OOE-03 9.49E-01
HGO 2.07E+00
I- 2.02E+01 5.46E+02

12
K+ 2.10E+01 2.19E-01
K20 2.55E+01 2.34E-02
KEROSENE
LA+3 2.10E+01 2.19E-01
LA203 2.46E+01 3.04E-01
LI+ 2.46E-02 5.77E-03
L120 6.53E-02 1.32E+01 1.32E+01
MG+2 1.10E+01 9.65E-01
MGO 1.96E+01 2.20E-01
MNO2 2.09E+02 2.17E+01 2.31E+02 1.08E-01
MO+6 8.01E-01 4.87E+00
M003 1.03E+01 9.24E-02
N2
NA+ 3.21E+03 6.26E+04
NA20 9.65E+04 2.40E+01 6.59E+01
NH3

NI+3 6.57E+00 4.07E+00
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NI2FECN6 ^ 5.OOE+02 I
N1203 2.62E+02 2.82E+00

NIO 1.06E-03 1.20E+00

NO
N02
N02- 7.38E+01 9.54E+03

N03- 1.03E+03 1.06E+05

NP+4 1.32E-01 1.46E-02

NPO2 6.52E-03 1.66E-01

02

OH- 6.80E+03 4.64E+03

PB+4 3.28E+00 1.96E+00

PBO2 1.35E+00 4.71E+00

P04-3 2.39E+03 2.58E+03

P205 3.68E+03 3.96E+01
P205:24W 5.21E-01

PU+4 4.27E-01 2.88E-02
PUO2 5.42E-03 5.11E-01
S
SI+4 7.90E+01 5.65E+00

S102 2.15E+05 2.16E+05 7.13E+02 7.52E+02
S02
S03 6.22E+03 1.92E-03
S04-2 3.97E+01 2.01E+03
SR+2 3.64E+01 3.75E-01
SRO 4.41E-03 4.33E+01
TCO2
TCO4- 5.68E-01 2.52E+00

TC207 1.41E-02 2.92E+00
TIO2 3.16E-02 3.51E-04
TOC 1.16E+02 1.42E+03
U02+2 1.58E+03 8.52E+01
U03 2.77E+00
U308 1.08E+00 1.15&02
V+5 1.88E-01 6.20E-02
V205 9.92E-02 3.47E-01
W+6 7.47E-O1
W02 1.09E-06 2.26E-04
W03 2.10E-01 7.33E-01
ZN+2 9.45E-01 3.59E+00
ZNO 3.17E+01 4.31E-01

ZR+4 2.77E+02 4.48E-01
ZRO2 6.99E+02 8.55E+00
ZRO2:2H2 4.09E+02 2.15E+01
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I I I I I I I
Mass LAW waste oxides - 121198.787

LAW waste loading (waste oxides) 31%

LAW waste loading (sodium oxide) 25%

Mass HLW waste oxides 3.42E+02

HLW waste loading(-Na,-Si) 26%

HLW WOL (all tank waste) 34%

HLW

20 wt. % waste oxide loading

Blending factor .1 1.25 1.5 2 3.5

Mass of glass required to achieve 20% wo loading, MT 1707.54219 2134.42773 2561.313278 3415.08437 5976.397648

additional frit required (equals increased glass) MT 3.88E+02 8.14E+02 1.24E+03 2.10E+03 4.66E+03

total frit required, MT 1.26E+03 1.69E+03 2.11E+03 2.97E+03 5.53E+03

WOL (-Na,- Si) 20% 16% 13% 10% 6%

WOL (all tank waste) 26% 21% 17% 13% 7%

glass derisity (MT/m"3) 2.63

cullet packing fraction 0.7 (LAW only)

Waste volume (m"3) 6.49E+02 8.12E+02 9.74E+02 1.30E+03 2.27E+03

Canister Volume (m"3) 0.62

Number of Canisters (lx) 1.05E+03 1.31E+03 1.57E+03 2.09E+03 3.67E+03

Nu. of Canisters /HMPC 4

Number of HMPCs 2.62E+02 3.27E+02 3.93E+02 5.24E+02 9.16E+02

Number of trips @ 10 HMPCs /trip 26 33 39 52 92

Glass formulation:

(ref Ext. Sep Data Pkg.) acceptable range 1 1.25 1.5 2 3.5

Si02 42 to 57 wt % 62.58% 66.39% 68.94% 72.12% 76.21%

B203 5 to 20 wt % 10.32% 11.06% 11.55% 12.16% 12.95%

Na2O 5to20wt% 4.48% 4.14% 3.91% 3.62% 3.25%

Li20 Ito7wt% 1.11% 1.19% 1.24% 1.31% 1.39%

Fe203 2 to 15 wt % 2.48% 0.00% 0.00% 0.00% 0.00%

CaO < or= 10 wt % 0.14% 0.11% 0.09% 0.07% 0.04%

MgO < or = 8 wt % 0.01% 0.01% 0.01% 0.01% 0.00%

A1203 < or = 15 wt % 11.36% 9.09% 7.57% 5.68% 3.25%

Zr02 < or = 13 wt % 0.50% 0.40% 0.33% 0.25% 0.14%

Cr203 < or = 0.5 wt % 0.08% 0.06% 0.05% 0.04% 0.02%

P205 < or = 3 wt % 2.32% 1.86% 1.55% 1.16% 0.66%

SO3 < or = 0.5 wt % 0.00% 0.00% 0.00% 0.00% 0.00%

HLW Facility i ing

Schedule 14 yrs

Capacity MT/day 1

Overall efficiency, % 33% 42% 50% 67% 117%

Required capacity MT/day (assuming 14 yrs ops, 60% OE) 0.56 0.70 0.84 1.11 1.95

2/21/96 10:32 AM Page 4 Extensive Separations



Extensive Separations

Required operating duration yrs (assuming I MT/day, 60% OE) 9.75 11.70 15.59 27.29

15 wt % waste oxide loading

Mass of glass required to achieve 15% wo loading MT 2.28E+03 2.85E+03 3.42E+03 4.55E+03 7.97E+03

Volume (m"3) 8.66E+02 1.08E+031 1.30E+03 1.73E+03 3.03E+03

Number of Canisters (lx) 1.40E+03 1.75E+03 2.09E+03 2.79E+03 4.89E+03

40 wt % waste oxide loading

Mass of glass required to achieve 40% wo loading MT 8.54E+02 1.07E+03 1.28E+03 1.71E+03 2.99E+03

Volume (m"3) 3.25E+02 4.06E+02 4.87E+02 6.49E+02 1.14E+03

Number of Canisters (Ix) 5.24E+02 6.54E+02 7.85E+02 1.05E+03 1.83E+03
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LAW

15 wt. % sodium oxide loading

Blending factor 1 1.25 1.5 2 3.5

Mass of glass required to achieve 15% wo loading, MT 6.43E+05 8.04E+05 9.65E+05 1.29E+06 2.25E+06

additional frit required (equals increased glass) MT 2.57E+05 4.18E+05 5.79E+05 9.01E+05 1.87E+06

total frit required, MT 5.22E+05 6.83E+05 8.44E+05 1.17E+06 2.13E+06

glass density (MT/m"3) 2.63

cullet packing fraction 0.7

Waste volume (m"3) 3.49E+05 4.37E+05 5.24E+05 6.99E+05 1.22E+06

Number of 5300 m"3 vaults 66 83 99 132 231

LAW facility sizing

Schedule, years 19

Capacity MT/day 200

I
Overall efficiency, % 46% 58% 70% 93% 162%

Required capacity MT/day (assuming 19 yrs ops, 60% OE) 154.61 193.26 231.92 309.22 541.14

Required operating duration yrs (assuming 200 MT/day, 60% 14.69 18.36 22.03 29.38 51.41

10 wt. % sodium oxideloadine

Blending factor 1 1.25 1.5 2 3.5

Mass of glass required to achieve 10 9.65E+05 1.21E+06 1.45E+06 1.93E+06 3.38E+06

Waste volume, m"3 5.24E+05 6.55E+05 7.86E+05 1.05E+06 1.83E+06

Number of 5,300 m"3 vaults 99 124 148 198 346

25 wt % sodium oxideloadine

Blending factor 1 1.25 1.5 2 3.5

Mass of glass required to achive 25 wt % Na2O 3.86E+05 4.83E+05 5.79E+05 7.72E+05 1.35E+06

Waste Volume 2.10E+05 2.62E+05 3.15E+05 4.19E+05 7.34E+05

Number of 5,300 m"3 vaults 40 49 59 79 138
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Phased Implementation

Assumptions: I
1. Phased Implemenmtion Separations and Treatment is similar tbimermediate Separations

except the separations for Sr, Tc, and TRU elemen[s are taken from Extensive Separations I ^

2. HLW glass waste oxide loading basis to be 20 wt% waste oxides

not counting the Na2O or SiO2 in the waste fttd streatm

3. Using the WHC engineering data package material balance calculate the waste oxide loading I
and adjust mass of the glass produced to achieve a 20 wt % waste oxide loading ^

4. LAW glass sodium oxide loading basis is to be 15 wt%

inputStream LAW HLW

STREAM 1 407 437 314 1 344

solids liquids FRIT GLASS FRIT GLASS HLW
Volume kilo-liters fraction

Specific Gravity

Cs and Ba. (MCi) 5.28E+00 6.28E+0I 6.81E-01 6.74E+01 0.99
Sr and Y. (MCi) 1.05E+02 2.10E+00 1.07E+00 1.06E+02 0.99

To. (MCi) 5.89E-03 2.61E-02 3.20E-04 3.17E-02 0.99
Am. (h1Ci) 9.51E-02 8.61E-03 1.046-03 1.03E-01 0.99
Np, (MCi) 9.29E-05 1.03E-05 1.03E-06 1.02E-04 0.99
Pu-239, (hlCi) 2.47E-02 1.67E-03 2.64E-04 2.61E-02 0.99

Pu-240, (MCi) 6.28E-03 4.14E-04 6.69E-05 6.63E-03 0.99
Pud41.(hfCi) 7.34E-02 1.49E-03 7.49E-04 7.41E-02 0.99

Total TRU. (MCi) 2.GOE-01 1.22E-02 2.12E-03 2.10E-01 0.99

Total MCi 1.11E+02 6.49E+01 1.76E+00 1.74E+02 0.99
Toml Mass Flow (MT) 1.94E+04 7.10E+05 2.81E+05 3.87E+05 1.36E+04 2.51E+04

Total Cr, (MT) 1.32E+02 5.15E+01 1.44E+02 3.96E+01

Total Na, (MT) 1.24E+03 6.51E+04 7.18E+04 2.33E+03
Total Si, (MT) 5.24E+02 5.65E+00 1.07E+05 1.07E+05 5.29E+03 5.83E+03
Total P, (MT) 7.80E+02 8.42E+02 1.35E+03 2.72E+02
Toml N02-, (MT) 7.38E+01 9.54E+03

Total N03-. (MT) 1.03E+03 1.06E+05
AG+ 1.38E+00 3.28E-01
AG20 3.52E-01 1.48E+00

AL+3 2.37E+03
AL203 1.32E+04 1.94E+04 1.73E+03

AL(OH)4- 4.83E+03
AM+3 2.77E-02 2.51E-03

AM203 2.76E-03 3.05E-02
AS+S 4.98E-0I 7.70E-01

AS205 1.18E+00 7.66E-01
8+3 9.94E-01 5.19E-01

B203 1.67E+00 1.75E+03 1.76E+03
BA+2 3.09E+00 7.91E-01
BAO 8.81E-01 3.45E+00
13E+2 7.61E-03 8.19E-02

BEO 2.27E-01 2.16EA2

B1+3 1.96E+02 6.76E+01
B1203 7.52E+01 2.19E+02
C14 4.53E-04 7.43E-04

CA+2 1.336+02 1.67E+01

CANCRINR'E 2.70E+03
CAO 3.87E+04 3.87E+04 1.89E+02
CD+2 7.93E+00 2.09E+00
CDO 2.38E+00 9.06E+00
CE+3 2.35E+02 2.37E+00
CE203 2.79E+00 2.76E+02
CL- 3.49E+00 3.11E+02

CL2
CO

C02

C03-2 2.25E+02 3.37E+03
CR+3 1.32E+02
CR203 2.11E+02 5.79E+01
CR(OH}i- 1.19E+02
CS+ 9.25E-02 8.19E-0I
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CS20 I 6.83E-031 9.58E-01

CU+2 7.46E-01 1.77E-01

CUO 2.21E-01 9.34E-01

CUS04
F. 5.97E+01 1.12E+03

F2

FE+3 7.63E+02 1.44E+0I

FE203 2.06E+01 1.21E+03

H2

H20 5.07E+05

H2S

HG
HG+2 9.00E-03 9.49E-01

I- 2.02E+01 5.46E+02

12

K+ 2.10E+01 2.19E-01
K20 2.65E-01 2.53E+01

KEROSENE

LA+3 2.10E+01 2.19E-01

LA203 2.58E-01 2.46E+01

LI+ 2.46E-02 5.77E-03

L120 1.24E-02 5.00E+02 5.03E+02

MG+2 1.10E+01 9.65E-01
MGO 1.60E+00 1.88E+0I

MN02 2.09E+02 2.17E+01 2.16E+01 2.09E+02

MO+6 8.01E-01 4.87E+00
,y1003 7.29E+00 1.22E+00

N2

NA+ 7.77E+02 6.51E+04
NA20 9.68E+04 3.14E+03

NH3
N1+3 6.57E+00 4.07E+00
NI2FECN6 5.00E+02
N1203 5.72E+00 9.27E+00

NIO 1.50E-02 2.27E+02

NO

N02
N02- 7.38E+01 9.54E+03

N03- 1.03E+03 1.06E+05
NP+4 1.32E-01 1.46E-02

NP02 1.66E-02 1.50E-01

02
OH- 5.00E+03 6.44E+03
PB+4 3.28E+00 1.96E+00
PB02 2.26E+00 3.79E+00

P04-3 2.39E+03 2.58E+03

P205 3.09E+03 6.22E+02

P205:24W 5.21E-01

PU+4 4.27E-01 2.88E-02
PU02 3.26E-02 4.84E-01

S
SI+4

S102

7.90E+01 5.65E+00
2.29E+05 2.29E+05 1.13E+04 1.25E+04

S02
S04-2 3.97E+01 2.01E+03
SR+2 3.64E+01 3.75E-01
SRO 4.00E-01 4.29E+01

TC02
TC04- 5.68E-01 2.52E+00
TC207 2.94E-02 2.91E+00

TOC 1.16E+02 1.42E+03

U02+2 1.58E+03 8.52E+01
U03 9.02E+01 1.67E+03

V+5 1.88E-01 6.20E-02

V205 1.11E-01 3.35E-01

W+6 7.47E-01

W02 2.91E-05 4.41E-01
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W03 9.40E-011 2.06E-03

ZN+2 9.45E-01 3.59E+00

ZNO 4.46E+00 1.19E+00

ZR+4 2.77E+02 4.48E-01

ZR02 6.49E-01 6.90E+02

ZRO272 4.09E+02 2.15E+01

Wx D•m Pa ka e Ba<'c

Mass LAW waste oxides 106542.3696

LAW waste loading (waste oxide) 28%

LAW waste loading (sodium oxide) 25%

Mass HLW waste oxides 7.26E+03

HLW waste loading (waRe oxides) 29%

HLW

20 wt % wasre oxide loadine

Blending factor 1 1.25 1.5 2 3.5

Mass of glass required to achieve 20% wo loading, MT 36304.93905 45381.17381 54457.40858 72609.8781 127067.2867

additional frit required (equals increased glass) MT 1.12E+04 2.03E+04 2.94E+04 4.75E+04 1.02E+05

total frit requircd. MT 2.48E+04 3.39E+04 4.30E+04 6.11E+04 1.16E+05

glass density (MT/m"3) 2.63
cullet packing fraction 0.7 (LAW only)

Waste volume (m"3) 1.38E+04 1.73E+04 2.07E+04 2.76E+04 4.83E+04

Canister Volume (m"3) 0.62

NumberofCanisters(lx) 2.23E+04 2.78E+04 3.34E+04 4.45E+04 7.79E+04

Nu. of Canisters /HMPC 4

Number of HMPCS 5.57E+03 6.96E+03 8.35E+03 1.11E+04 1.95E+04

Number of trips ® 10 HMPCs /trip 557 696 835 1113 1948

Glass formulatiore

(ref Ext. Sep Data Pkg.) acceptable range 1 1.25 1.5 2 3.5

Si02 42 to 57 wt % 60.0890 64.68% 67.75% 71.59% 76.52%

B203 5to20wt% 8.82% 9.63% 10.17% 10.849e 11.71%

Na2O 5to20wt% 8.65% 6.92% 5.77% 4.32% 2.47%

Li20 1 to7wt% 2.52% 2.75% 2.91% 3.10% 3.35%

Fe203 2 to 15 wt % 3.33% 0.00% 0.00% 0.00% 0.00%

CaO <or- 10wt% 0.52% 0.42% 0.35% 0.26% 0.15%

MgO <or-8wt% 0.05% 0.04% 0.03% 0.03% 0.01%
A1203 < or - 15 wt % 4.77% 3.81% 3.18% 2.38% 1.36%

Zr02 < or - 13 wt % 1.90% 1.52% 1.27% 0.95% 0.54%

C203 <or-0.5vrt% 0.16% 0.13% 0.11% 0.08% 0.05%

P205 < or m 3 wt % 1.71% 1.37% 1.14% 0.86% 0.49%

S03 <or - 0.5wt%

HtW FacilitvCi in

Schedule 14 yrs

Capacity MT/day 20

Overalletficiency,9e 36% 44% 53% 71% 124%

Required capacity MT/day (assuming 14 yrs ops, 60% oE) 11.84 14.80 17.76 23.68 41.44

Required operating duration yrs (assuming 20 MT/day, 60% OE) 10.36 12.43 16.58 29.01

15 wt % waste oxide loading

Mass of glass required to achieve 15% wo loadi ng MT 4.84E+04 6.05E+04 7.26E+04 9.68E+04 1.69E+05

Volume (m3) 1.84E+04 2.30E+04 2.76E+04 3.68E+04 6.44E+04

Number of Canisters (Ix) 2.97E+04 3.71E+04 4.45E+04 5.94E+04 1.04E+05

40 wt % waste oxide loading

Mass of glass required to achieve 40% wo loading MT 1.82E+04 2.27E+04 2.72E+04 3.63E+04 6.35E+04

Volume (m"3) as cullet 6.90E+03 8.63E+03 1.04E+04 1.38E+04 2.42E+04

Numbcr of Canistcrs (!x) 1.11E+04 1.39E+04 1.67E+04 2.23E+04 1 3.90E+04
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I I

II ine15 ^t, % sodium oxide loa

Blending factor 1 1.25 1.5 2 3.5

Mass otglass required to achieve 159a wo loading. MT 6.45E+05 8.07E+05 9.68E+05 1.29E+06 2.26E+06
additional frit required (equals increased glass) MT 3.64E+05 5.26E+05 6.87E+05 1.01E+06 1.98E+06

total frit required, MT 6.45E+05 8.07E+05 9.68E+05 1.29E+06 2.26E+06

glass density (MT/m'3) 2.63

cullet packing fraction 0.7

Waste volume (m"3) 3.51E+05 4.38E+05 5.26E+05 7.01E+05 1.23E+06

Number of 5300 m"3 vaults 66 83 99 132 231

LAW facility sizing

Schedule, years 14

Capacity MT/day 200

Overall efficiency. % 63% 79% 95% 126% 221%
Required capacity MT/day (assuming 14 yrs ops, 60% OE) 210.48 263.10 315.72 420.96 736.68

Required operating duration yrs (assuming 200 MT/day, 60% oE) 14.73 18.42 22.10 29.47 51.57

10 wt. %cudium oxide loading

Blending factor 1 2 3.5

Mass of glass required to achieve 10 968000 1936000 3388000

Waste volume, m"3 525801.195 1051602.39 1840304.183
Numberof5,300m"3vauits 99 198 347

25 wt. %s.Mium oxide loadino

Blending faetor ' 1 2 3.5

Mass of glass required to achive 25 wt % Na2O 387200 774400 1355200

te Votume 210320.478 420640.956 736t21.673

umxr oP5,300 m"3 vaultsr 40 79 139

Page 4
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F.11 Backup for Table 9-16

' Table F-36. Totat Cost by Utlit Operatipp.

0

Slud6o wuh $43 $129 46• $2 S12 $6 $9 =207

Ceilum renovat }780 $276 $57 $21 ' ' 5105 $56 $83 597;

Centralized ficllltlea $520 $520

LLW vilrilicatlon $1,300 $624. •;179. $68 $332 5176 $264 r2,934

LLW ditpwd S16 $9 $4 .$17 $9 $225 $14 5294

lILW vitri(lcrtlon $1,400 $639 i70 $78 $384• $126 s260 $2,9.5 7

IILW traaaNortatlon $31

tiLW disposal $239 , $5,619 $5,858

^

Total $3,643

.

$1,716 S322 $173 $886 $373
.

$225 $239 5630 S5,619
.

S11,826

Noter:

Table values are in mlllloae of 1995

I
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JACOBS ENGINEERING GROUP INC.

251 SOUTH LAKE AvENUE, PASA6ENA, CALIFORNIA 91101-3063
TELEPHONE (818) 508-7000 FAX (818)'b68-7129

FAX TRANSMIITAL

PASADENA OPERATIONS

FAX r-r" (818) 568-7129

DATE: 7

TO: Co ^^.ct ^^dsvso•^ FAx #: ^s° 7 % ~ 7S°Y

FIRM: aCCz' ^Ct Q•^v'^Q•uscLf

FROM: ^ t_}J S"^^ S ? 3LEX7: 2Ib

PROJECT: . ^^ Yi. ^{ ? l u/ WBS:
(For charging actual Fax) (For charging time for faxing)

COMMENTS AND MESSAGES:

^J 1/0 K1'^r^w C T ^l^ Q^`t^ -f-^' ^J! SU^rn wtie^r ^- GOS^

(/a lu t. . C r h o ur

)3 3)^ o S yl lat ^ cs f^^-^t

of` b32j JS3 PA gr,c- t^- Pka.:re- -^- ' esfi^^r

^- ^ au.

4tQ{, S>^^f '^ Ss..tiour /^• ^u'l ^it^^w'Q'i^

Shouid you not reCeive ^J paqes (nciud'inq this trarunziial sheet) ptease contact the sender.

DATE(f3ME Submitted:

MUSTBESENThy:

Date Sent:

Time Sent:

Operators ln4ials:

(date) (time)

uaCy.^I^I
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REP/PC (Ver 4.0) -;iG:MT REPORT 1 RANGE ESTI"SaTE : 02-27-96

DATA : Phased Imple3entatio n case 1 0B
MODEL : BASIC MODEL (SUMMAT_T ON)

NUM ELr.'fi1ENT UNIT TARGET PROB+ LOW HIGH

1 Current ODerations 8600 50 6880 10320

2 R&D Waste Ret. & Transfer 190.00 190.00 190.00

3 R&D Treatinent 0 0 0
4 Capital Waste Ret. & Transfer 2280 50 1824 3876
5 Capital Treament 4483 40 3586 8966
6 Capital Closure 211.00 211.00 211.00
7 Operations Waste Ret. & Transfer 3990 50 3192 6783
8 Operations Treatment 6954 50 5215 6955
9 M& M 0 0 0

10 Repository Fee 6500 95 3900 6501

TOTAL EXPENSE (INPUT TO REP/PC) 33208 24998 43802
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



REP/PC ( Ver 4.0) - NG24T REP02"i' 2 GRA.PHICAI, OVB.,^.RL'N PROPILE, : 02-27-96
DATA : Phased Inplenentation case 103
x;ODE..5, : BAS

=
IC MODEL (ST2,L*1ATION)

----^----^---I----r----^----^----^----I----^----,
42-

{
.

B

0
T
T
0

M

L

I
N
E

38-

36-

34-

32-

30-

28-

26-I

24-

22-
X 1,000 .

.C

40-1

* . . . . . . . . .

*
*

*
** . . .

**
**,t

^**
**** . .

*,t*
-----------------------*x***---^-----------------

*^**

. . . . . *^n*
***

*
**

*

. * '

^

. . . . . . . ^ .

----^----^----'----^----^----^----^----^----^----
5 10 20 30 40 50 60 70 80 90 99.

OVERRUN PROBABILITY (PERCENT)

-TARGET

95



RE_D/PC (Ver 4.0) - MG*fi' REPORT 3 GRAPiiICAL PRIORITY PROFILE : 02-27-96

DATA : Phased Impleaentat=on case 10B
MODEL : BASIC MODr.^L (SL'D4dATI0N)

TOTAL PROB OF NET EFFECT OF
EXPENSE OVERRUN FROZEN ELEMENTS

33208 52 PCT 0 = .0 PCT

NL'M ELENlaNT UNIT CORRECT PROTECT

5 Capital Treament -------------
10 Repository Fee
7 Operations Waste Ret. & Transfer -------
1 Current Operations ----
4 Capital Waste Ret. & Trdnsfer ----
8 Operations Treatment
NET EFFECT OF FROZEN ELEMENTS

++
++T}++}+++++

+4

++++
+
++++



REP/PC (Ver 4.0) - MGMT REPORT 4 CONTINGENCY PROFILE : 02-27-96

DATA Phased Iaplementation case 10B
MODEL BASIC MODEIr (SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 10594 31.9 PCT

99.95 " 6308 19.0 "

95 " 3734 11.2 "

90 2865 8.6 "

85 2383 7.2 "

80 1958 5.9 "

75 1567 4.7 "

70 1254 3.8 "

65 921 2.8 "

60 646 2.0 "

55 360 1.1

50 77 .2 "

45 " -132 -.4 "

40 " -369 -1.1 "

35 -622 -1.9 "

30 -886 .-2.7 "

25 -1101 -3.3

20 " -1384 -4.2 "

15 " -1745 -5.2 "

10 " -2210 -6.7 "

5 -2902 -8.7 "

0.05 " -5850 .-17.6 "

0 -8210 -24.7 "

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)
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TWRS EIS
CALCULATION COVER SHEET

DISCIPLINE & TITLE Safety: LCFs from Transportation Accidents RADTRAN 4

ORIGINATOR Michael Harker DATE 02/12/95

REVISION NO.

OBJECTIVE Show LCFs from Radiological accidents Using RADTRAN 4 for the

integrated pspulation and the worst urban nonulation Replaces Old Calcs.

METHODOLOGY See attach_ment

ASSUMPTIONS See attachment

(Continue on another sheet if

ATTACHED
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- Pacific Nofuiw^sc LaCOnto^laa

^^ 3atte^Te 3ovlerard
P.O. Sox 999 .
RklWnd. W&sh6+pmn 99352

DATE: February 9, 1996

To: Mike Harker

FACSEVIII.E TR4NSMII'I°TAL '

Company: Jacobs Engineering

City/State:

Facsimile #: 736-7504

Telephone #: 736-0616

From: Phil Daling

Facsimile #: 372-4378

TeIephone ,f: 372-4239

Transmittal Consists of [ 2] Page(s) including cover page.

COMMP.NIS:

Mike

Here are the revised impact results for the calcination alternative (changed number of
cask-loads from 27,100 to 41,500). The revised numbers you will need include the
routine worker and public doses and accident risks, both in person-rem and LCFs, and the
revised probability of the maximum credible accident in an urban area. These values are
in BOLD in the attached spreadsheet. Call me if you have any questions. .

Phil

PS I just checked TRANSNET again and they are still down. The attached table was
created by multiplying the previous resutts by the ratio of the new number of
shipments to the old number of shipments. I will run the revised case when
TRANSNET is available, hopefully some time today.

^

EA-1960-231 (6191)
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Calclne REV

Revised Caktna0on Alternative Impacts 2/9/98

RaNo melhod usedes a °xlmatbn: tRANSNET e stem down on 210lge so RADTRAN runs not possible

NO SEPARATIONS - CALGINATIbN ^

ROUTINE EXPOSURES _ ACCIpEN7S
Et1l70IIuLQs 1199EtLE^tH

'•^
).B1Bl1i&Ht1s:51.fl EXp48LLB6 Conv. Latenl

MHt9w vkftC ^G Se4I1YeISlSlll Y'Loik9t publtG P1tbfSG E8Lt4i ScAU45[H.

MUST 7.60E-01 2.1213-01 4.00E-04 5.00E-04 3.04E-04 1.00E-04 3.43E-03 4.00E-04 1.37E-08
SST 3.04E-01 8.45E-02 4.00E-04 5.00E-04 1 .22E-04 4.23E-05 1.5815-02 4.00E-04 8.32E-00
Cs capsul 2.47E-02 7.37E-03 4.00E-04 6.00E-04 9.88E-06 3.69E-06 1.33E-05 • 4.00E-04 5.32E-09
Srcapsule 3.01E-02 8.97E-03 4.00E-04 5.00E-04 1.20E-05 4.49E-00 2.02E-08 4.00E-04 8.08E-12
HLW 1.82E+04 8.73E+02 4.00E-04

-
6.00E-04
-'^

7.28E+00 4.37E-01 3.64E.01 6.00E-04 1.77E-a4
1.82E+04 8 73E+02 7 28E+00 A 37E 01 3.7E 01 1 85E-04

Numbers In BOI:b are revised values calculeted using the ratlo of old ehipments (27100)
to new shipments (41500 . See epreaddheet W6TLOA02.XLt3, Sheet labeled COMPARISON.

Revised Max Credible Accident Probabtlt
Urban Pop

Old shi s New Shi a RaUo Okf Prob. New Prob Dose LCFe
27100 41 600 1.531386 2.00E-05 3AE-05 3.40E+03 1.70E+00

8.00E-09 9.2E=09 1:60E+04 0.00E+00

Population doses and LCFs remain the same as before. Only the acddent probabiEties chan .

jvJ^vJ',e,L

RESULTSS.XLS Page 1



[4] From: Philip M Daling at -PNZ5 2/7/96 10:16A^1(104682 bytes: I In, 1 fl).
To: ^Jacobs Engineering Group at -DOE_HAitiFORD_l
cc: Paul S Stansbury at -PM.41
Subject: TWRS-EIS Transportation Document
-------------------------- Message Contents ----------------- ----------

Text item 1:

ATTN: Mike Harker

The file containing the revised TWRS-EIS transportation impact results is
attached. I will follow this with a formal letter and the computer files
on a 3.5-inch disk. The fomial package will go out in today's mail.

Thanks

Phil

(^^

r
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ATTACHNIENT 1

REVISED TRANSPORTATION IiY1PACT RESULTS

FOR THE TWRS EIS
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ATTACH.11EivT 1

REVISED TRANSPORTATION iiIPACT C.4LCUL4,TIONS
FOR THE TWRS EIS

This attachment provides the revised transportation impact analysis in support of the Tank Waste
Remediation System (TWRS) Environmental Impact Statement. The results presented in this attachment
include the population dose and latent cancer fatality estimates for the routine (or incident-free)
transport, accident risk estimates for potential offsite shipments, and population doses for the maximum
credible transportation accidents for the following alternatives:

No Separations including both Vitrification and Calcination subaltematives.

Idtermediate Separations, including four subalternatives: base-case waste loading in the high-
level tank waste glass without the addition of ts and Sr from the Waste Encapsulation and
Storage Facility (WESF); base-case loading with Cs and Sr from WESF incorporated into the
tank waste glass; 15% waste loading without additional Cs and Sr from WESF; and 40% waste
loading without Cs and Sr from WESF.

• Extensive Separations without Cs and Sr from WESF.

• Ex-Situ/In-Situ Combination without Cs and Sr from WESF.

• Phased-Implementation without Cs and Sr from WESF.

• Overpack and Ship Cs and Sr Capsules to Repository.

Results from the previous analysist are also included that examined two other Cs/Sr capsule disposition

options, including; 1) creating HLW glass with Cs and Sr capsule material and, 2) overpacking the

capsules and storing them onsite. The revised Cs and Sr source term and overpack inventory will not

affect the transportation impacts for the onsite Cs and Sr capsule disposition option. Furthermore, the

option of vitrifying the Cs and Sr capsule material in separate campaign from the tank wastes need not be

revised.

This attachment presents re-calculated population doses for maximum credible accidents in
urban areas, routine (or incident-free) exposures, and integrated accident risk estimates for all the
alternatives. Population doses from transportation accidents the correspond to an accident probability of

I in 1,000,000 (1E-06) overthe entire shipping campaign are also provided. This information was not
provided in the October letter.

The results presented include offsite transport of treated tank wastes as well as the onsite and
offsite transport of Cs and Sr capsules, onsite transport of Miscellaneous Underground Storage (MUST)

.,

See letter from P. M. Daling to Mike Harker dated October 17, 1995.

Att-1.2



ATTACILNIEiV"T 1

liquids, and onsite transport of SST residuals, where appropriate. There were no changes to the input

data for onsite transport of MUST liquids, SST residuals, and Cs and Sr capsules so the transportation

impact results are unchanged from those transmitted to you in October'.

DESCRIPTION OF REVISIONS

The main revisions to the analysis have resulted from changes in the radionuclide inventories,
shipment capacities, and the addition of new subalternatives. The revisions are described below:

• Significant chances have been made to the treated tank waste radionuclide compositions which
have resulted in significant changes in the per-shipment radionuclide inventories used in the
transportation impact calculations.

• Treated tank waste shipping configurations have been revised. The revised configuration for all
tank wastes includes a 0.62 m' canister packaged within a Hanford Multi-Purpose Canister
(HIvIPC). One HMPC is shipped per railcar to the repository. A dedicated train would be used,
with a total of ten raiicars per train shipment, to transport the loaded HMPCs to the repository.

• A sensitivity study to evaluate a range of vitrified waste loadings was performed. The sensitivity
study examined three waste loadings, including 20% waste oxide (base-case), 15% oxides, and
40% oxides. This assumption was applied in the Intermediate Separations Alternative. With
respect to transportation impact calculations, the waste loading assumptions affect the per-
shipment radionuclide inventories and number of shipments.

• A sensitivity study to evaluate the impacts of adding Cs and Sr capsule material to the
vitrification feed was examined. This assumption was applied in the Intermediate Separations
Alternative. This affects the per-shipment radionuclide inventories but was assumed not to
affect the number of shipments.

Slight revisions were made to the inventories of Cs-137 and Sr-90 in the WESF capsules. The

shipping configuration for overpacked Cs and Sr capsules was also revised. The analysis now

assumes that five capsules are to be packaged within canisters that are in turn placed in a HMPC.

A total of four canisters are to be placed in each HMPC which would then be shipped in ten-car

dedicated trains to the repository. A total of 100 HMPCs (ten train shipments) containing

overpacked Cs and Sr capsules were assumed to be shipped.

The other IZADTIZAN 4 input parameters (shipping distances, population densities, release

fractions, accident rates, etc.) are the same as described in WHC-SD-TP-RPT-0 16 and the

previous revision-.

See letter from P. M. Daling to Mike Harker dated October 17, 1995.

I
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ATTACHMEiyT 1

REVISED TRkNSPORTATIO`1 DATA

There were two main revisions to the transportation-related data used in the impact analysis.

These included the radionuclide inventory data that were used to determine the shipping cask
radionuclide contents and the shipping cask design configuration, which determines the volume of waste

per shipment and the number of shipments required to transport the treated tank waste materials offsite.

The basic radionuclide inventory data for the treated tank waste forms (Ci/m') were provided by
Jacobs Engineering. These data were used to develop per-shipment radionuclide inventories that were
input to the RADTRAN 4 computer code. It was assumed that the treated tank wastes would be
packaged within 0.62 m' canisters which would then be loaded into a Hanford Multi-purpose Canister
(IWC). A total of four canisters would be placed in each HMPC. One HMPC would be placed on a
railcar and transported offsite to a disposal facility via dedicated trains (i.e., trains with no other cargo).
Each dedicated train was assumed to contain ten HMPC railcars. Even though the shipping scenarios
assume the use of dedicated train shipments, each.individual cask-load was modeled as a separate
shipment. This is the configuration used for transporting treated tank wastes and overpacked Cs and Sr
capsules in all the alternatives. -

Based on these assumptions and the revised radionuclide inventory data provided by Jacobs
Engineering, revised radionuclide source terms (Ci/cask-load) were developed. The revised inventories
used in the RADTRAN 4 computer calculations are presented in Table 1. Revised numbers of shipments
in each alternative are presented in Table 2. Note that Table 2 includes both the number of cask-loads of
material and the number of ten-car dedicated trains required to transport the number of cask-loads
produced in each alternative.

RESULTS

The population dose estimates in urban areas for the maximum credible accident scenarios from
the RADTRAN 4 calculations are summarized in Table 3. The maximum credible scenarios were
defined as those with probabilities greater than one in one-million (1E-06) over the entire shipping
campaign. As shown, there were no accident scenario probabilities close to 1E-06 for some ofthe
alternatives. In these situations, the accident scenarios with probabilities nearest to 1E-06 are shown in
the table. The table includes the estimated annual frequencies of the maximum credible accidents for
which the population doses are reported. These were computed by RADTRAN 4 using the same

accident rates (accidents/km), travel fractions in urban population zones, and conditional probabilities of
accidents of various severities that were reported in the TWRS EIS transportation impact support

document? The revised numbers of shipments reported in Table 2 were used in the calculations. Table
3 also shows the calculated latent cancer fatalities, obtained by multiplying the population dose by 5E-04
LCFs/person-rem, as was done for the support document.

See WHC-SD-TP-RPT-016 for a description of the input parameters used to calculate
the probabilities of transportation accidents.

C_
Att-1.4



ATTACiLMEN°T 1

Table 1. Radionuclide Inventories for
Treated Tank Waste Shipments

Radionuclide Per-shipment Radionuclide Inventory, Ci/shipment

Intermediate Separations,

M

base-case loading %v/o Cs

-1

No Separations, Vitrified No Separations, Calcined and Sr material
HLW HLW

Am-241 7.0 8 E-01 3.84E+00 1.13 E=01
Am-243• 2.26E-04 1.23E-03 3.60E-03
Cm-244 8.04E-04 435E-03 6.64E-03
Cs-137 2.38E+02 1.29E+03 4.17E+03

Ni-63 1.83E+00 9.93E+00 3.15E+01
Np-237 4.75E-04 2.57E-03 7.43E-03
Pu-238 7.35E-03 3.99E-02 1.24E-01
Pu-239 1.80E-01 9.74E-01 2.93E+00
Pu-240 4.56E-02 2.4713-01 7.55E-01
Pu-241 5.10E-01 2.76E+00 8.78E+00
Ru-106 2.58E-07 1.40E-06 4.28E-06
Sm-151 4.29E+00 233E+01 7.43E+01
Sn-126 4.27E-03 2.31E-02 5.63E-02
Sr-90 2.97E+02 1.61E+03 6.31E+03
Tc-99 2.19E-01 1.18E+00 7.10E-01
U-233 8.24E-08 4.47E-07 1.35£-06
U-234 1.44E-06 7.82E-06 237E-05
U-235 1.40E-04 7.60E-04 2.37E-03
U-238 3.28E-03 1.78E-02 5.41E-02
Zr-93 2.68E-02 I.45E-01 4.62E-01

Att-1S



ATraCIEMENT 1

Radionuclide Per-shipment Radionuclide Inventory, Ci/shipment

Intermediate Separations, Intermediate Separations, Intermediate Separations,

base-case loading w/ Cs 15% oxidesloadin-w/o 40% oxides loading w/o

and Sr material Cs and Sr material Cs and Sr material

Am-241 1.13E+01 8.45E+00 2.25E+01

Am-243 3.60E-03 2.70E-03 7.21E-03

Cm-244 6.64E-03 4.98E-03 1.33E-02

Cs-137 1.04E+04 3.13E+03 8.33E+03

Ni-63 3.15E+01 2.37E+01 6.31E+01

Np-237 7.43E-03 5.57E-03 1.49E-02

Pu-238 • 1.24E-01 9.29E-02 2.48E-01

Pu-239 2.93E+00 2.20E+00 5.86E+00

Pu-240 7.55E-01 5.66E-01 1.51E+00

Pu-241 8.78E+00 6.59E+00 1.76E+01

Ru-106 4.28E-06 3.21E-06 8.56E-06

Sm-151 7.43 E+0I 5.57E+01 1.49E+02

Sn-126 5.63E-02 4.22E-02 1.13E-0I

Sr-90 9.02E+03 4.73E+03 1.26E+04

Tc-99 7.10E-01 5.32E-01 1.42E+00

U-233 1.35E-06 1.01E-06 2.70E-06
U-234 237E-05 1.77E-05 4.73E-05

U-235 2.37E-03 1.77E-03 4.73E-03

1.1-238 5.41E-02 4.05E-02 1.08E-01
Zr-93 4.62E-01 3.46E-01 9.23E-01

\
Att-1.6



ATTACHVIENT 1

Radionuclide Per-shipment Radionuclide Inventory, Ci/shipment

Extensive Separations Phased Implementation Ex-Situ/In-Situ

^- ^ Combination

Am-241 2.64E+02 1 .24E+01 1.73E+01
Am-243 8.45E-02 3.98E-03 6.63E-03
Cm-244 2.91E-01 6.64E-03 1.25E-02

Cs-137 8.87E+04 4.17E+03 7.33E+03
Ni-63 1.07E+01 3.15E+01 5.05E+01
Np-237 1.77E-01 7.43E-03 1.38E-02
Pu-238 2.72E+00 1.28E-01 9.84E-02
Pu-239 • 6.63E+01 3.12E+00 3.67E+00
Pu-240 1.68E+01 7.90E-01 9.15E-01
Pu-241 1.88E+02 8.85E+00 9.94E+00
Ru-106 9.57E-05 4.28E-06 3.17E-06
Sm-151 O.00E+00 7.43E+01 1.07E+02
Sn-126 1.58E+00 5.63E-02 8.22E-02
Sr-90 1.35E+05 6.36E+03 8.82E+03
Tc-99 8.12E+01 3.82E+00 1.28E+00
U-233 4.65E-08 1.35E-06 2.16E-06
U-234 8.54E-07 237E-05 3.83E-05
U-235 830E-05 2.37E-03 4.30E-03
U-238 1.93E-03 5.41E-02 9.73E-02
Zr-93 1.21E-01 4.62E-01 6.19E-01

Att-1.7
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Table 2. Number of Offsite Shipments in Each Alternative

No. Of
No. Of 0.62 m' No. of Dedicated Train

Alternative Canisters Cask-loads(') Shipmentsro)

No Separations
- Vitrification 587,000 146,860 14,690
- Calcination 108,388 27,100 2,710

Intermediate Separations
- $ase-ea.se 33,400 8,350 840
- 15% Waste Loading 44,500 11,130 1,110
- 40% Waste Loading 16,700 4,170 420

Extensive Separations 1,570 390 40

Phased Implementation .33,400 8,350 840

Ex-Situ/In-Situ Combination 16,700 4,170 420

(a) Shipping casks are loaded with one Hanford Multi-purpose Canister per railcar. Four canisters
are contained within a single HMPC.

(b) Ten railcars per dedicated train were assumed.

Att-1.8



ATTACELMINT 1

Table 3. Population Dose Estimates for The Maximum Credible

Transportation Accidents In Urban Areas

Population No. Of
Dose, person- Expected Population

Alternative Material rem Accidents Risk, LCFs

Intermediate HLW glass with Cs 9.4E+03 6E-06 5
Separations and Sr (base-case
Alternative loading)

HI.W glass w/o Cs 4.2E+03 6E-06 2
and Sr (base-case
loading)

HLW glass at 15% 3.3E+03 8E-06 2
waste loading, w/o Cs
and Sr

HLW glass at 40% 7.9E+03 3E-06 4
waste loading, w/o Cs
and Sr

No Separations HLW calcined w/0 Cs 3.4E+03 2E-05 2
Alternative and Sr 1.6E+04 6E-09 8

HLW vitrified w/o Cs 3.2E+02 1E-04 None (0.2)
and Sr 33E+03 3E-08 2

Extensive HLW glass w/o Cs I.OE+03 2E-06 None (0.5)
Separations and Sr

0

Ex-Situ/In-Situ HLW glass w/o Cs 7.OE+03 3E-06 4
Combination and Sr -

Phased- I3I.W glass w/o Cs 4.2E+03 6E-06 2
Implementation and Sr
Alternative

Applicable to Overpacked Cs/Sr 4.5E-01 4E-07 None
several alternatives capsules (2E-04)

1.5E+02 7E-08 None (0.07)

(a) The frequencies and population doses for two accident severity categories are;provided for some shipments
because there were no severity category frequencies near 1 E-06/yr, the definition of a credible accident
used in this study. For these situations, the severity categories closest to I E-06 expected accidents are
shown in the table.
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An alternative approach to characterizing the consequences of the maximum credible accident
was also explored. RADTRkN 4 offers the option of generating data that can be used to plot a

cumulative distribution function of consequences. The data represent the cumulative probabilities of
accidents that have consequences equal to or less than the specified value. Therefore, the consequences

of accident scenarios whose cumulative probabilities are less than are equal 1E-06 can be can be taken

from the curve represented by the cumulative distribution function generated by RADTRAi14. This has

the effect of improving the comparison of alternatives because the accident scenario probability is I E-06

for all the alternatives, rather than the probabilities given in Table 3. However, it is a more complex

concept than that represented by the results in Table 3 and would be far more difficult to explain in an

£IS. Consequently, no recommendation is made here on which form of the maximum credible accident

results should appear in the EIS.

The cumulative distribution function generated by RADTRAN 4 for the Extensive Separations
alternative is shown in Figure 1 for illustration purposes. The points plotted on the figure were
calculated by RADTRAN 4 and the figure was created using spreadsheet graphics software. The
consequences corresponding to a cumulative probability of IE-06 were found to be approximately 3E+04
person-rem. This value was reported in Table 4. Similar plots for all the alternatives presented in Table
4 were created using RADTRAN 4 output data and the appropriate consequences were taken from the
plots.

As a result of the revised inventories and shipping cask information, all of the routine exposure
and accident impact results for each of the alternatives were updated. The revised routine exposures are
shown in Table 5 and revised accident impacts are presented in Table 6. Tables 7 and 8 provide the
revised routine exposure and accident impact results for the Cs and Sr disposition alternatives. Only the

results for the alternative involving overpacking and offsite shipment have changed from the previous
analysis.
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Table 4. Population Dose Estimates that Correspond to
An Accident Probability of IE-06
Over the Entire Shipping Campaign

Population Dose, Population Risk,
Alternative Material person-rem LCFs

Intermediate HLW glass with Cs and Sr (base- IE+04 5
Separations case loading)
Alternative

• HLW glass w/o Cs and Sr (base- 6E+03 3
case loading)

HLW glass at 15% waste loading, 5E+03 3
w/o Cs and Sr

HLW glass at 40% waste loading, IE+04 5
w/o Cs and Sr

No. Separations HLW calcined w/0 Cs and Sr 4E+03 2
Alternative

HLW vitrified w/o Cs and Sr SE+02 None
(0.4)

Extensive HLW glass w/o Cs and Sr 3E+04 15
Separations

Ex-Situ/In-Situ HLW glass w/o Cs and Sr 9E+03 5
Combination

Phased- HLW glass w/o Cs and Sr 6E+03 3
Implementation
Alternative

Applicable to Overpacked Cs/Sr capsules 2E+01 None
several alternatives (0.01)

(a) Consequence estimates represent the expected population dose for accident scenarios whose

probability of occurrence is 1 in 1,000,000 (1E-06) when integrated over the entire shipping

campaign.
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1E+00
1E-01
1E-02
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^ 1E-04
0 1E-0^
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.1E-07
^ 1E-05
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1E-11
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1E+00 1E+01 1E+02 1E+03 1E+04 1E+05 1E+06

Consequences, person-rem

Figure 1. Cumulative Distribution Function for Treated Tank Waste
Shipments in the Extensive Separations Alternative
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Table 5. Revised Transportation Routine Exposure Results

Population Dose, person-rem Latent Cancer Fatalities
Material

Worker Public Worker Public

naraEi^ase-case I.oadin z otaAdded2 IIE^ClermedtafeS

^^;
^^^ c^

. ; ^ o ^ ass ^^

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04E-01 8.45E-02 1.22E-04 4.23E-05
Cs capsules 2.47E-02 7.37£-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
HLW , 3.65E+03 1.75E+02 1.46E+00 8.76E-02
TOTAL 3.65E+03 1.76E+02 1.46E+00 8.78E-02

c.!
Infer^-- x^^ mediafe^e^ara s'•

" 3R' ^
B se dtn

'^ s.= .'-'Fn'^x'^
Cs7S Hded tP HL~ 7a ^^'^^,^ ^ a L^ g_ rf , o ^g ^

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04E-01 8.45E-02 1.226-04 4.23E-05
Cs capsules 2.47E-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
HLW 3.65E+03 1.75E+02 1.46E+00 8.76E-02
TOTAL 3.65E+03 1.76E+02 1.46E+00 8.78E-02

^ sE^.^.^_"--^"'-..s^'tia.> 1.,...,,,,:^ Se^^lio=-.:^sr:.-;us•:.. nstA ternahve,= '%a^:-.:^...^^ Wasfe;O:ci - a in̂ ;^

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04E-01 8.45E-02 1.22E-04 4.23E-05
Cs capsules 2.47E-02 737E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
HLW 4.87E+03 2.34E+02 1.95E+00 1.17E-01
TOTAL 4.87E+03 2.34E+02 1.95E+00 1.17E-01

..! lfeIIr t 8 BQaTaftOrlS" atLVC^?^^°o

MUST 7.60E-01 2.12E-01 3.04E-04 1.06£-04
SST 3.04E-01 8.456-02 1.226-04 4.23E-05
Cs capsules 2.47E-02 737E-03 9.88£-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20£-05 4.49E-06
HLW 1.836+03 8.776+01 7.326-01 4.38E-02
TOTAL 1.83E+03 8.80E+01 732E-01 4.40E-02
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Population Dose, person-rem Latent Cancer Fatalities
Material

Worker Public Worker Public

No'pa^iations'AhernaIIv e an1:^tT^

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04E-01 8.45E-02 1.22E-04 4.23E-05
Cs capsules 2.47E-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
HLW 6.43E+04 3.09E+03 2.57E+01 1.54E+00
TOTAL 6.43E+04 3.09E+03 2.57E+01 1.54E+00

on klix;- _ • cmefl? =-

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04E-01 8.45E-02 1.22E-04 4.23E-05
Cs capsules 2.47E-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
HLW 1.19E+04 5.70E+02 4.76E+00 2.85E-01
TOTAI. 1.19E+04 5.70E+02 4.76E+00 2.85E-01

- - ifullrr`Situ=Comm-âhn^4liernativ -`f ;

MUST 7.60E-01 2.12£-01 3.04E-04 1.06E-04
SST 3.04E-01 8.45E-02 1.22E-04 4.23E-05
Cs capsules 2.47E-02 737E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
HLW 1.83E+03 8.77E+01 732E-01 4.38E02
TOTAT, 1.83E-t03 8.80&t01 732E-01 4.40E-02

v e arahons,+'P;Iternahv -

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04E-01 8.45E-02 1.22E-04 4.23E-05
Cs capsules 2.47E-02 737E-03 9.88£-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
HLW 1.71E+02 8.19E+00 6.84E-02 4.10E-03
TOTAL 1.72E+02 850E+00 6.88E-02 4.25E-03
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Population Dose, person-rem Latent Cancer Fatalities
Material

Worker Public Worker Public

^^. '. _, ^` ^ ^ a mn emen t^on.°Al^terR3fN-`̂^''='-K^ .^'^"`^''"^•

MUST 7.60E-01 2.12E-01 3.04E-04 1.06E-04
SST 3.04E-01 8.45E-02 1.22E-04 4.23E-05
Cs capsules 2.47E-02 7.37E-03 9.88E-06 3.69E-06
Sr capsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
HLW 3.65E+03 1.75E+02 1.46E+00 8.76E-02
TOTAL 3.65E+03 1.76E+02 1.46E+00 8.78E-02

Table 6. Revised Integrated Population Risks From Transportation Accidents

Population Latent Cancer Population Latent Cancer
Dose, person- Fatalities Dose, person- Fatalities

Material rem Material rem

^er^a'teŜoase-̂ admg, ^ teffiediate,eparafio ase > -s>̂
andSfmofadde toIMMIg as"s.

„^

_

. -.z ,..^. ^^.
.andSr,adtleu to-.HiR.W^gt

.^ .

MUST 3.43E-03 137E-06 MUST 3.43E-03 137E-06
SST 1.58E-02 6.32E-06 SST 1.58E-02 6.32E-06
Cs capsules 1.33E-05 532E-09 Cs capsules 1.33E-05 532E-09
Sr capsules 2.02E-08 8.08E-12 Sr capsules 2.02E-08 8.08E-12
BLW 9.25E-02 4.63E-05 HLW 2.06E-01 1.03E-04
TOTAL 1.12E-01 539E-05 TOTAL 2.25E-01 1.11E-04

emi

MMons&.

o^ teom ^at - eparaho ' 0%0`.'^^:. •

MUST 3.43E-03 1.37E-06 MUST 3A3E-03 1375-06
SST 1.58E-02 632E-06 SST 1.58£-02 632E-06
Cs capsules 133E-05 532£-09 Cs capsules 133E-05 532£-09
Sr capsules 2.02E-08 8.08E-12 Sr capsules 2.02E-08 8.08E-12
HI.W 9.52E-02 4.76E-05 HLW 8.60E-02 4.30E-05
TOTAL 1.14E-01 5a3E-05 TOTAL 1.05E-01 5.07E-05
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Population
Dose, person-

Material rem

^To_$ arations Vtrfie$53^ti ..^.^

Latent Cancer
Fatalities

ast"^^

Material

o'ara+°II^+,

Population
Dose, person-

rem

GTcmed;kankQ

Latent Cancer
Fatalities

i^^^^^•.

MUST 3.43E-03 1.37E-06 MUST 3.43E-03 1.37E-06
SST 1.58E-02 6.32E-06 SST 1.58E-02 6.32E-06
Cs capsules 1.33E-05 5.32E-09 Cs capsules 1.33E-05 5.32E-09
Sr capsules 2.02E-08 8.08E-12 Sr capsules 2.02E-08 8.08E-12
HLW 1.21E-01 6.05E-05 HLW 2.31E-01 -.l.46E-04-•
TOTAL
. :-

1.40E-01
_

6.82E-05 TOTAL
. . . ... .

2.50E-01 k23'E 04.
^EpS, n=Sita'Gom matto^^^^^ar

,
ahon < <

^^
e ^

MUST 3.43E-03 1.37E-06 MUST 3.43E-03 1.37E-06
SST 1.58E-02 6.32E-06 SST 1.58E-02 6.32E-06
Cs capsules 1.33E-05 5.32E-09 Cs capsules 1.33E-05 5.32E-09
Srcapsules 2.02E-08 8.08E-12 Sr capsules 2.02E-08 8.08E-12
HLW 7.64E-02 3.82E-05 HLW 6.59E-02 3.30E-05
TOTAL 9.56E-02 4.59E-05 TOTAL 8.51E-02 4.06E-05

_ pi ^taito ^.^
.

;Pfi`as'e^3m e^m^en
. ...

•^-r :̂
^

^
Si.n x.• .i.

MUST 3.43E-03 1.37E-06
SST 1.58E-02 632E-06
Cs capsules 133E-05 5.32E-09
Sr capsules 2.02E-08 8.08E-12
I3LW 9.27E-02 4.64E-05
TOTAL 1.12E-01 5.40E-O5 NINE=

i

(•^?^-c
^• 8s^" -
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Table 7. Revised Transportation Routine Dose Impacts
from Cs/Sr Disposition Alternatives

Population Dose, Person-rem Latent Cancer Fatalities

Worker Public Worker Public

-^ - ^̂ ^ 'Ge'stum^and^ti^Pinfie^i^.•^̂ ^-- .^ ^

Cs capsules 2.47E-02 7.37E-03 9.88E-06 3.69E-06
Srcapsules 3.01E-02 8.97E-03 1.20E-05 4.49E-06
Glass , 1.97E+01 9.46E-01 7.88E-03 4.73E-04
TOTAL 1.98E+01 9.62E-01 7.90E-03 4.81E-04

.'^`r
3•^ -

G
. .

esinhuin
. . , _ _ . .. .. . .. _

:Ove - Hi e='Offsitr orDisosa
.

9

l _

Cs capsule 2.47E-02 7.37E-03 9.88E-06 3.69E-06
Sr capsule 3.01E-02 8.97E-03 1.20E-05 4.49E-06
Overpacked 4.38E+01 2.11 E+00 1.75E-02 1.06E-03
capsules
TOTAL 4.39E+01 2.13E+00 , 1.75E-02 1.06E-03

^ .^. •es^tun; ritiu^Ov ck̂

Cs capsules 2.47E-02 737£-03 9.88E-06 3.69E-06
Sr capsules 3.01£-02 8.97E-03 1.20E-05 4.49E-06
Overpacks O.00E+00 0.00£+00 O.00E+00 O.00E+00
TOTAL 5.48E-02 1.63E-02 2.19E-05 8.17E-06
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Table 8. Transportation Accid'ent Impacts of Cs and Sr

Disposition Alternatives

Population Risk, Latent Cancer Fatalities
Material person rem

:ae7na5x..-•.a.r . . . -. -'^.a?.. ...... : .. . .-r•... . . .. .

Cs capsules

.. .. . .. .

1.33E-05 5.32E-09
Sr capsules 2.02E-08 8.08E-12
Glass 3.IOE-02 1.55E-05
TOTAL • 3.10E-02 1.55E-05

^ y "Cestum:an3 Stronfium Ove c e^Sfi Offsrtefor^ts o

Cs capsule 1.33E-05 5.32E-09
Sr capsule 2.02E-08 8.08E-12
Overpacked Capsules 3.44E-05 1.72E-08
TOTAL 4.77E-05 2.25E-08
, .....^ . , ^ .:.^:.`

^

' ^

^ ^i^.- •x-•-- -e--
-^' sr^"k ''^"`, .̂ _r.^ as .̂_-. ^..+,...4w-w+++.^•:..- 3.. 3̂^ .ea, ^e

Cs capsules 1.33E-05 5.32E-09
Sr capsules 2.02E-08 8.08E-12
Overpacks Offsite O.00E+00 O.00E+00
TOTAI. 133E-05 533E-09

Att-1.18



ATTACHMENT 2

RADTRAN4 OUTPUT FILES

Att-2.1



ATTaCH^iSENT 2

RADTRAN4 OUTPUT FILES

The attached 3.5-inch disk provides the RADTRAN4 output files that were developed to model
offsite shipments of treated tank wastes and packaged cesium and strontium capsules (filename

RADTRAN2.OUT). The output files contain an input echo as the first part of the file so the attached

files document both the input parameters used in the calculations as well as the output. The table below

is a key to the attached files, listin.- the files in the order they appear in the file on the attached disk, plus

presents the filename and a brief description of the material analyzed in each file. Also on the enclosed

disk are the spreadsheet files used to perform some of the calculations documented in this study. These

include WSTLOAD2.XLS (calculated per-shipment radionuclide inventories and numbers of shipments),

RESULTSS.XLS (calculates total routine exposures and integrated accident risks), and MAX-

CRED.XL'S (risk curves for each material).

No. RADTRAN4 Filename Alternative and Material Analyzed

1 COMBO2.OUT Ex-situ/In-situ combination alternative, vitrified tank waste
without Cs and Sr capsule materials.

2 CSSROP2.OUT Overpacked Cs and Sr capsules.

3 EXTSEP2.OUT Extensive separations alternative, vitrified tank waste without

Cs and Sr capsule materials.

4 INT152.OUT Intermediate separations alternative, vitrified tank waste at 15%
waste oxide loading.

5 INT402.OUT Intermediate separations alternative, vitrified tank waste at 40%
waste oxide loading.

6 INTBW2.OUT Intermediate separations alternative, vitrified tank waste at
base-case (20%) waste oxide loading.

7 INTBWO2.OUT Intermediate separations alternative, vitrified tank waste at

base-case (20%) waste oxide loading. Cs and Sr capsule

material vitrified with tank wastes.

8 NOSEPCW2.OUT No separations alternative, calcined tank wastes without Cs and
Sr capsule materials.

9 NOSEPVW2.OUT No separations alternative, vitrified tank wastes without Cs and

Sr capsule materials.

10 PHASED2.OUT Phased-implementation alternative, vitrified tank wastes

without Cs and Sr capsule materials.
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Stein, David

From: Stein, David
To: Henderson, Colin
Subject: Hanford TWEIS Alternatives Cost Update
Date: Wednesday, March 20, 1996 1:35PM

Following are Hanford TWEIS Alternatives cost updates with corrections for Treatment Operating Costs. These
corrections were noted in the engineering calculations dated 2/20/96, but were never transferred to the finai cost
tabtes until now. The operating costs corrections are also presented here for your comparison.

TABLE 1

PREVIOUS OPERATING CORRECTED OPERATING
COSTS (MILLIONS) COSTS(MILLIONS)

Intermediate Separations $5,577 $5,509

No Separations(Vitrification) $23,273 $22,742

No Separations(Calcination) $8,182 $7,548

ExSitu/InSitu Combination $2,672 $2,638

TABLE 2

ALTERNATIVE

Intermediate Separations

TOTAL COST(WITH REPOSITORY FEE@$360,000 PER CANISTER)
TARGET VALUE 95% CONFIDENCE RANGE
(MILLIONS) (MILLIONS)

No Separations(Vitrification)

No Separations(Calcination)

ExSitu/InSitu Combination

$37,818 $30,399 540,552

$252,669 $69,475 - $252,669

$85,815 $38,789 - $86,141

$25,526 522,990 --- $27,913

TABLE 3

ALTERNATIVE COST EXCLUDING REPOSITORY FEE .
TARGET VALUE 95% CONFIDENCE RANGE
(MILLIONS) (MILLIONS)

Intermediate Separations $25,798 $23,775 - 529,741

NoSeparations(Vitrification) $41,209 $25,560 - $43,559

No Separations(Calcination) $26,015 $22,157 ----- $28,708

ExSitu/InSitu Combination $19,516 $17,956 - $22,407

These changes should bring the alternatives up to date. Let me know if l can do anything else.
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Stein, David

From: Stein, David
To: Henderson, Colin
Subject: TWEIS Cost Uncertainty Update
Date: Monday, March 18, 1996 10:04AM

Following are HanforzJ TWE1S Alternatives Cost Uncertainty updates which include an increase for tank
characterization costs ($903 million for InSitu Fiil & Cap and InSitu Vitrification and 60% of 5903 or $542 million
for fnSitidExSitu Comtso):

ALTERNATIVE

InSitu Fill & Cap

InSitu V•drifcation

lnSitu/ExSitu Combo
with Repository Fee
@ 5360,000 per
canisYer(56,010 million)

tnSitu/ExSitu Combo
without Repository Fee

InSitu/ExSifu Combo
with Repository Fee
Q 55,000 mil(ion( Feb 96)

TARGET VALUE 95% CONFIDENCE RANGE
(millions) (millions)

$7,884 $6,972 - $8,815

516^^78 $16,185 -- $23,840

$25,560 i S22,996 - $27,947
: ./ .

Si9,550 517,968. 522,441

• i
$24,550 $22,466 - $27,151

After reviewing the cost components of the Repository Fee in the TRW Report, I can confirm that there was no
double counting when compared to the Westinghouse Data Packages. The Repository Fee included a cost for
an outer banier for the HLW package in which it is placed before insertion into the vautt. This outer barrier is
either in addition to the MPC or replaces the MPC, I cannot determine which.
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Stein, David

From: Stein, David
To: Henderson, Colin
Subject: Hanford TWEIS Alternatives Cost Uncertainty
Date: Wednesday, March 13, 1996 12:51PM

Following are Hanford TWEIS Alternatives Cost Uncertainty Tables with and without Repository Fee (fee has
been calculated using $360,000 per canister per latest directive):

TABLE I

ALTERNATIVE TOTAL ALTERNATIVE COST(WITH REPOSITORY FEE)
TARGET VALUE 95% CONFIDENCE RANGE

(millions) (millions)
Intermediate Separations $37,886 $30,465 - $40,598

No Separatioris (Vitrification) $253,200 569,971 - $253,200

No Separations (Calcination) $86,449 $39,406 - $86,548

Extensive Separations $28,544 $27,477 - $36,471

ExSitu/InSitu Combination 525,018 -- - $22,691 - $27,197

Phased lmplementation $38,728 $31,843 - $41,756

Junior Combo $19,461 $18,512 - 522,053

Note: For most atiematives, repository fee is so high that it dominates the cost uncertainty. I would recommend
that the repository fee be considered as a separate item with no range included and just
a note as to how it was calculated; e.g. $360,000 charge per canister.

TABLE 2

ALTERNATIVE ALTERNATIVE REMEDIATION COST(EXCLUDES REP FEE)
TARGET VALUE 95% CONFIDENCE RANGE
(millions) (million)

Intermediate Separations $25,866 $23,818 - $29,808

No Separations (VItffication) $41,740 $25,628 -- $44,074

No Separations (Caldnation) $26.649 $22,276 - $29,269

Extensive Separations $27,979 526,580 - $35,476

ExSitu/tnSitu Combination $19,008 $17,742 - 521;774

Phased Implementation 526,708 $25,000 - $31,109

Junior Combo 516,331 $15,089 - $18,633

I will send copies of the model output by Fed Ex this afternoon. Give me a call if you haVe any questions.
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Henderson, Colin

From: Stein, David
To: Henderson, Colin
Subject: Hanford TWEIS Alternatives Cost Update
Date: Wednesday, March 20, 1996 1:35PM

Following are Hanford TWEIS Alternatives cost updates with corrections for Treatment Operating Costs.
These corrections were noted in the engineering calculations dated 2/20/96, but were never transferred to
the final cost tables until now. The operating costs corrections are also presented here for your
comparison.

PREVIOUS OPERATING CORRECTED OPERATING
COSTS (MILLIONS) COSTS(MILLIONS)

Intermediate Separations $5,577 $5,509

No Separations(Vitrification) $23,273 $22,742

No Separations(Calcination) $8,182 $7,548

ExSitu/)nSitu Combination $2,672 $2,638

ALTERNATIVE TOTAL COST( WITH REPOSITORY FEE@$360,000 PER CANISTER)
TARGET VALUE 95% CONFIDENCE RANGE
(MILLIONS) (MILLIONS)

)ntermediate Separations

No Separations(Vitrification)

No Separations(Calcination)

ExSitu/InSitu Combination

ALTERNATIVE

$ 37, 818

$252,669

$30,399 ----- $40,552

$69,475 -- $252,669

$85,815 $38,789 --- $86,141

$25,526 $22,990 ---- $27,913

TABLE

COST EXCLUDING REPOSITORY FEE
95% CONFIDENCE RANGE
(MILLIONS)

TARGET VALUE
(MILLIONS)

Intermediate Separations

No Separations(Vitrification)

No Separations(Calcination)

ExSitu/InSitu Combination

$25,798

$41,209

$26,015

$19,516

$23,775 ---- $29,741

$25,560 - $43,559

$22,157 - $28,708

$17,956 --- $22,407

These changes s ou bring the alternatives up to date. Let me know if can do anyt mg else.
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Henderson, Colin

From: Stein, David
To: Henderson, Colin
Subject: TWEIS Cost Uncertainty Update
Date: Monday, March 18, 1996 10:04AM

Following are Hanford TWEIS Alternatives Cost Uncertainty updates which include an increase for tank
characterization costs ($903 million for InSitu Fill & Cap and InSitu Vitrification and 60% of $903 or $542
million for InSitu/ExSitu Combo):

ALTERNATIVE

InSitu Fill & Cap

InSitu Vitrification

^InSitu/ExSitu Combo $25,560
with Repository Fee
@ $360,000 per

^anister($6,010 million)

InSitu/ExSitu Combo $19,550
,without Repository Fee

InSitu/ExSitu Combo $24,550
with Repository Fee
@ $5,000 million( Feb 96)

TARGET VALUE 95% CONFIDENCE RANGE
(millions) ( millions)

$7,884 $6,972 --- $8,815

$16,A78 $16,185 --- $23,840

f^ $22,996 --- $27,947

$17,968 --- $22,441

$22,466 --- $27,151

After reviewing the cost components of the Repository Fee in the TRW Report, I can confirm that there
was no double counting when compared to the Westinghouse Data Packages. The Repository Fee included
a cost for an outer barrier for the HLW package in which it is placed before insertion into the vault. This
outer barrier is either in addition to the MPC or replaces the MPC, I cannot determine which.

Page 1



/
Henderson, Colin

From: Stein, David
To: Henderson, Colin
Subject: Capsule Alternatives Cost Revision(Repository Fee Change)
Date: Monday, March 18, 1996 1:54PM

Incorporating the revised Repository Fee method ($360,000 per canister) results in the following for the
Capsule Alternatives:

Current Operations

R&D •

Capital

Operating

M&M

D&D

Repository Fee

Total

CAPSULE ALTERNATIVES
OVERPACK AND SHIP VITRIFY WITH TANK WASTE
(millions) ( millions)

$34

$377

$14

$32

$6

$144

$607

$315

$5

$36

$46

$1

$6

$232

$641

Page 1
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GIRt13 OI OprIMISM ANd P6SIAIIS.M

.. . ...

EXPENSE ELEMENTS
..... ...............__. _.._....._ ._.._

ROFIT ELEMENTS
Abeolule 0% Absolute 100%

i l
Extreme

- -
5%,10%,15%

l
Extreme 95%• 5,95%

nss emm --
Modorate 70%,15%,70X

poss mism
oderale .L,75%,00%

Blltlhl 3S%,40%,15% h1 65%,60%,65%

mblvnlonco 50% Ambtvolonco 50%

ellpht 55%,00%,65% Ighl 5%,10%,45%

tl) i
Modornte 70X,75%,90%

l
I.todetol• 4o YS%,9o%

m smp
Eslrome 95%,90%,95%

Opl mis
Extreme

-
S%,to• 15%

Absolute 100% Absolute 0%

The Range

l ^
A range of, possible values is specified for each critical
clement in the plan. The ran e is determined by speci-
fyinl; the lowest and highest vaues tlie crlttca efo-
ment can nsslune . These lowest and highest values•
nre sc so far npart that there is greater than a 98%
probability that the actual value of the critical element
will materialize within the resulting rnnge. Speciti-
cally, the "lowest" value is set so low that there is less
than 1 chance in 100 that the actual value will be any
lower; similarly, the "highest" value is set so high that
there is less than a 1% probability that the actual
value will be any higher. Thinking of it another way,
the odds are about 99 to 1 against the actual value
hr.ing lower than the lowest value. Also, the odds are
about 99 to 1 against the actual value being higher
than the highest value. Qualitatively speaking, the
lowest and highest values are set far enough out such
that they cnpture the "rather improbable" but not the
"slightly ttbsttrd:" Quite obviously, if there is substan-

l.-.
i ....

^......

NOTr: The lowest and highest values are completely indepen-

dent of the probability factor. It is quite possible that a given

critical element could have a fairly small difference bety+ een its

target and lowest value and yet have a high probabilil.y, of its

actual value materializing in that narrow part of the range.

Examples of this often occur in expense elements where it is

not unusual to have a very small chance of the actual exceed-

ing the target but, if it does, the amount by which it can exceed

it is very large. Such a range is said to be "highly skewed."

Some people have difGculty with the idea of supplying
a range; some even claim that the range is nothing
more than a lot of guesswork. But that's precisely why
the range is valuable in decision-making; it involves a

144 of educated guessing by qualified people. On the
other hand, the single-point value involves only a little
guessing -- so little, in fact, that it can lead to serious
errors in decision-making. There is nothing wrong
with guessing. Nobel prizes have been awnrded for
shrewd guessing! Put another way: with the range,
the decision-makar will be approximately correct; with
the traditional single-point value, exactly wrong!

Concepts •

I Concepts 59



February 8, 1996

To: Mark Nelson/David Stein

From: Larry Selby

Subject: Review ofREP-PC Risk Analyses

I have reviewed the input ofthe ten remediation scenarios and generally find them
within reasonable ranges. I changed the input of one of the more complicated senarios
generally widening the spread between low and high, (usually by increasing the high end).
The results were reasonably close (within about 5%) which pretty much verifies the
suitability ofthe variables as entered in the program. Certainly the target estimate
numbers are not within an accuracy of5% oftotal cost at the Order ofMagnitude level
ofthe estimates. At this point, very little is to be gained by changing the model and re-
running the program.

I would recommend that at some appropriate future time a group of 4 to 6 individuals,
most familiar with each ofthe processes meet, and re-evaluate the entries used in
developing the model and then re-run the program. One ofthese individuals should be
one ofthe estimating team who is familiar the the details ofhow the estimate (target
amount ) was developed. Additionally, the smaller items should be dropped, as they tend
to distort the results, although they would not affect the actual total cost. I would also
wara to resist the temptation to group the small items and treat them as a single item to
make the arithmetic appear correct. This also distorts the results. Having used this
program a number oftimes over the past few years I have found that we are frequently too
optimistic in entering the highest cost. This number should be the cost that the group is
99% certain cannot or will not be exceeded by even the worst of circumstances. I would
also recommend that at the Order of Magnitude estimate level, the contingency applied by
the estimator should be considered as a real cost and not considered in arriving at the

- highest possible cost. More often than not that contingency is required in progressing to- •-
estimates prepared from detailed design documents.



REP/PC (Ve^ -4.0) - MG24'i' REPORT 1 R.+'.2vGE °STLMLyTE : 02-06-96
No Ac;1o^j

DATA Case 01
MODEL : BASIC MODE_, (SUHF-ATION)

NIIM ELE?iENT

1 Current Oaerations
2 R&D Waste Ret. & Transfer

3 R&D Treataent
4 Capital Waste Ret. & Transfer
5 Capital Treament
6 Capita2 Closure
7 Operations Waste Ret. & Transfer
s Operations Treatment
9 M & M

10 Repository Fee

TOTAL EXPENSE (INPUT TO R:P/PC)

LZvIT TXRGET PRO34 LOW HIGH

14300 50 11440 17160
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

14300 11440 17160
(THEORETICA,?,S)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TAR;,ET

. ^
. ^



RF,.?/PC (Ver-4:0) - MG'ZT REPO:cT_ 2 GRAP:ICA?, OVER.RIIN :EC?ILE : 02-06-96

DATA : ExSi'Lu Exten. Case 01
MODEL : BASIC MODEI, (SU_*4fATI0N)
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REP/?C (Ve.-4-.0) - W

DATA
MODEL

TOTAL
E)TENSE

14300

_MT Ri^OR^ 3 GRP?3ICAL PRT_OR_TV PROFT_I:E 02-06-96

: EXSitu Exten. Case 01
: 3ASIC MODEL (SL-Y*+ATION)

PROB OF NET EFFECT OF

OVE3ZRUN FROZEN ELWfENTS

51 PCT 0 = .0 PCT

NUN ELE}O;NT

1 Current Operations
NET EFFECT OF FROZEN ELE.*fENTS

UNIT CORRECT PROTECT

-------------IF}FIT}^FTF}FI



R=P/PC (Ver-4'.0) - MGMT R%PORT 4 CON'1'INGE2NCY PROFILS 02-06-96

DATA ExSitu Exten . Case 01
BASIC HOD-EL (SUN*LkTION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 2860 20.0 PCT

99.9 5 " 2849 19.9

95 If 1783 12.5

90 It 1430 10.0 "

85 1176 8.2

80 954 6.7 "

75 797 5.6 "

70 578 4.0 "

65 if 450 3.2 "

60. 311 2.2 "

55 177 1.2 "

50 " 15 .1 If

45 " -123 -.9

40 If -263 -1.8 "

35 " • -382 -2.7 "

30 it -576 -4.0 "

25 " -716 -5.0 "

20 -896 -6.3 "

15 " -1167 -8.2 "

10 -1377 -9.6 "

5 -1745 -12.2 "

0.05 " -2839 •- 19.8 "

0 -2860 -20.0 "

(ABOVE RESULTS DII2IV$D FROM 1000 SIMULATIONS)



REP/PC (Ver'ti.0) - uG.M.T RZ:-CRT 1 RANGE SSTIY_kTE : 02-06-56

Lowg-Term01^^t1^.
DATA : t^S1Lll 'Xen. Case 02-.

MODEi : BASIC MOEiEL (SU?41ATION)

NUM ELD*_ENT UNIT TARGET PROB-F LOW HIG'r_

1 Current Operations 14300 50 11440 17160
2 R&D Waste Ret. & Transfer 100.00 100.00 100.00
3 R&D Treatment 0 0 0
4 Capital Waste Ret. & Transfer 1930 50 1544 3281
5 Capital Treament 4000 50 3200 4800
6 Cabital Closure 0 0 0

7 operations Waste Ret. & Transfer 440 440 440
8 operations Treatment 0 0 0
9 M& M 0 0 0

10 Repository Fee 0 0 0

TOTAL EXPE2ISE (INPUT TO REP/PC) 20770 16724 25781
(THEOR,^TICALS) •

+ PROBABILITY THAT ACTUAL VALUE WILL BE•EQUAL•TO OR LESS THAN TARGET



REP/PC (VeT-4:. 0) - MC-XT R=^ORT' 2 GRAPHICAL O'JFIR-RII*I PROFILE : 02-06-96
DATA . ExSitu =xten. Case 02
MODBL : BASIC MODEI, (Si.P_KUMAsIOiv)
---^----^----l----^----^----^----^----^----^----I

25-) . . .

24- . . . . . .

*

*

23- * .

*
^ ,t*

22- . ** .
,t*..

**#
**,E ^

****

21- . ,t**

-------------------------**----------------------
**,t*

**,t
***

***
*
**

19- . . . . . . .,t*

B .^

0

T *
T
0 18- . . . . . .

L
I

N 17- . . . . . . . . . +
$ ^

16-^ . . . . . .

-TARGET

15-' . . . . . . '
X 1,000 ^____^---_^__--I----I----+----(----^--- ^----^----

.05 10 20 30 40 50 60 70 80 90 99.95
OVEf2RUN PROBABILITY (PERCENT)



REP/PC (Ver'4.0) - M.

DATA
MODEL

TOTA?,
EXPENSE

20770

=2Si RE_ORT 3 G3n?iiICJAI, ?RIO=2I' Y?ROFILE : 02-O6-9E

ExSitu Exten. Case 02
BASIC MODEL (SUMYA_•IOIv)

PROB OF NET EFFECT OF
OVE_2RUN FROZEN ELEMP.'iTS

54 PCT 0 = .0 PCT

NUM ELEMENT UNIT CORRECT PROTECT

1 Current Operations ------------- 1+............
4 Capital Waste Ret. & Transfer ------- -+
5 Capital Treanent ---- ++++
NET EFFECT OF FROZEN ELEMENTS



^/?C (ver-4.0) - N.G'ST REPORT 4 CONTINGENCY ?zO:IIE 02-06-96

DATA : z7cSitlu Exten. Case 02.
260DEL : BASIC MODEL (SLTKm±A_ION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERTtUN ABSOLUTE RELATIVE

100 PCT 5011 24.1 PCT

99.9 5 11 3750 18.1 "

95 2327 ?1.2 "

90 't 1771 8.5 "

85 1413 6.8

80 1159 5.6 "

75 If 958 4.6 "

70 it 741 3.6 "

65 if 597 2.9 "

60 it 442 2.1 "

55 " 301 1.5

50 it 141 .7 if

45 It -30 -.1 °

40 -201 -1.0 It

35 " -360 -1.7 if

30 -512 -2.5 "

25 -697 -3.4 "

20 -886 -4.3 "

.15 -1109 -5.3 it

10 -1464 -7.0 "

5 -1894 -9.1 ^

0.05 " -3857 -18.6 "

0 -4046 -19.5

(ABOVE RESULTS DEi2IVED FROM 1000 SIMULATIONS)



FILENAME=C:\CASE03.0UT 03/18/9

08:37:4



REP/PC (Ver 4.0) - MGMT REPORT 1 RANGE ESTIMATE : 03-18-96

DATA : InSitu Fill & Cap Case 03
MODEL : BASIC MODEL:(SUMMATION)

NUM ELEMENT UNIT TARGET PROB+ LOW HIGH

1 Current Operations 7469 50 5975 8963
2 R&D Waste Ret. & Transfer 0 0 0
3 R&D Treatment 0 0 0
4 Capital Waste Ret. & Transfer 0 0 0
5 Capital Treament 25.00 25.00 25.00
6 Capital Closure 116.00 116.00 116.00
7 Operations Waste Ret. & Transfer 0 0 0
8 Operations Treatment 274 274 274
9 M& M 0 0 0

10 Repository Fee 0 0 0

TOTAL -EXPENSE (INPUT TO REP/PC) 7884 6390 9378
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



REP/PC (Ver 4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE : 03-18-96
DATA : InSitu Fill &Cap Case 03
MODEL : BASIC MODEL (SITMMATION)

^----^----^----^----^r---^----^---=^----^----^----^
10000-1

9500- 1 . . . . . . . ^

9000-1 . . . . . ^

^ * (
• ** ^

8500-1 ** .

B
0
T
T
0
M

L
I
N
E

7500-I

*** ^

^ ***
^ *** I

8000-1 ***r.. • I
----------------------- ***----------------------- I-TARGET

I *** I

7000-I

6500-1

6000-1

5500-

5000-

****
**

. . . . . .****.
**

**
**

*
. . . . . . . . . *

*

*

.05

. . . . . . . . .
-^----^----^----^----^----^----^----^----^----^
10 20 30 40 50 60 70 80 90 99.95

OVERRUN PROBABILITY (PERCENT)



REP/PC ( Ver 4.0) - MGMT REPORT 3 GRAPHICAL PRIORITY PROFILE : 03-18-96

DATA : InSitu Fill & Cap Case 03

MODEL : BASIC MODEL_(SUD4dATION)

TOTAL PROB OF NET EFFECT OF
EXPENSE OVERRUN FROZEN ELEMENTS

7884 51 PCT 0' = .0 PCT

NUM ELEMENT UNIT CORRECT PROTECT

1 Current Operations -------------^+++++++++++++

NET EFFECT OF FROZEN ELEMENTS ^



REP/PC (Ver 4.0) - MGMT REPORT 4 CONTINGENCY PROFILE 03-18-96

DATA : InSitu Fill & Cap Case 03
MODEL : BASIC MODEL:(SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 1494 19.0 PCT

99.95 " 1488 18.9 "

95 it 931 11.8 "

90 it 747 9.5 "

85 614 7.8 "

80 498 6.3

75 416 5.3 "

70 302 3.8 "

65 " 235 3.0 "

60 163 2.1

55 " 92 1.2

50 8 .1 "

45 -64 -.8 IT

40 " -138 -1.7 It

35 " -200 -2.5 "

30 -301 -3.8

25 -374 -4.7 "

20 -468 -5.9 "

15 -610 -7.7 "

10 -719 -9.1

5 " -912 -11.6 "

0.05 " -1483 -18.8 "

0 -1494 -18.9 "

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



FILENAME=C:\CASE04.OliT 03/18/9

08:44:1



REP/PC (Ver 4.0) - MGMT REPORT 1 RANGE ESTIMATE : 03-18-96

DATA : InSitu Vitrification Case 04
MODEL : BASIC MODEL_(SUMMATION)

NUM ELEMENT UNIT TARGET PROB+ LOW HIGH

1 Current Operations
2 R&D Waste Ret. & Transfer
3 R&D Treatment
4 Capital Waste Ret. & Transfer
5 Capital Treament
6 Capital Closure
7 Operations Waste Ret. & Transfer
8 Operations Treatment
9 M & M

10 Repository Fee

8752 50 7002 10502
0 0 0

70.00 70.00 70.00
0 0 0

4900 15 4410 9600
116.00 116.00 116.00

0 0 0
2740 15 2466 8220

0 0 0
0 0 0

TOTAL EXPENSE (INPUT TO REP/PC) 16578 14064 28508
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



REP/PC (Ver 4.0) - MGMT REPORT 2 GRAPHICAL-OVERPUN PROFILE 03-18-96
DATA : InSitu Vitrification Case 04
MODEL : BASIC MODEL (SUMMATION)

(----(----(--==(----^----^----(----^----(----(----(
30-(

( (
28-( . . . . . . (

( (

( ` (
* (

26-(
(

( (

*

24-( * (

22-

20-(

18-(
B
0 (
T (
T (
O 16-(
M

L
I
N
E

x 1,000

(
14-(

(
(

12-(

(
(
(

10-(
I-

.05

* (
* (
* (

* (
** . . . . . (

** (
*** (

** (
*** (

**+* . . . . (
*** (

** I .*** (
*** (

*** . . (
*** (

** (
**** (

--------------------------------------------**--(-TARGET
. . . . . . . . . **i

^ • (
. . . . . . . . . * .

. . . . ,
-(----(----I----I----.(----(--=-I----I----(----I
10 20 30 40 50 60 70 80 90 99.95

OVERRUN PROBABILITY (PERCENT)



REP/PC (Ver 4.0) - M

DATA
MODEL

TOTAL
EXPENSE

16578

NUM ELEMENT

SMT REPORT 3 GRFIDHICAL PRIORITY PROFILE : 03-18-96

: InSitu Vitrification Case 04
: BASIC MODEL.(SAMMATION)

PROB OF NET EFFECT OF
OVERRUN FROZEN ELEMENTS

90 PCT 0' = .0 PCT

UNIT CORRECT PROTECT

8 Operations Treatment
5 Capital Treament
1 Current Operations
NET EFFECT OF FROZEN ELEMENTS

-------------
-----------

--^++



REP/PC (Ver 4.0) - MGMT REPORT 4 CONTINGENCY PROFILE 03-18-96

DATA : InSitu Vitrification Case 04
MODEL : BASIC MODEL:(SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 11930 72.0 PCT

99.9 5 " 9748 58.8 "

- 95 " 7262 43.8 "

90 to 6052 36.5 It

85 It 5434 32.8 "

80 It 4922 29.7 "

75 of 4538 27.4 „

70 to 4138 25.0 "

65 it 3768 22.7 11

60 to 3494 21.1 "

55 of 3220 19.4 "

50 of 2848 17.2 "

45 it 2500 15.1 "

40 to 2153 13.0 It

35 of 1766 10.7 "

30 if 1359 8.2 of

25 of 1104 6.7 "

20 it 718 4.3 Of

15 321 1.9 it

10 of 29 .2 of

5 to -393 -2.4 If

0.05 " -2400 -14.5 "

0 of -2514 -15.2 'r

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



REP/PC (Ver 4.0) - MGMT REPORT 1 RANGE ESTIMATE : 03-20-96

DATA : Inter Sep Case 05
MODEL : BASIC MODEL '(SUMMATION)

NUM ELEMENT UNIT TARGET PROB+

1 Current Operations
2 R&D Waste Ret. & Transfer

3 R&D Treatment
4 Capital Waste Ret. & Transfer
5 Capital Treatment
6 Capital Closure
7 Operations Waste Ret. & Transfer

8 Operations Treatment
9 M & M

10 Repository Fee

8600 50
190.00

630
2280 50
3600 40

169.00
4820 50
5509 65

0
12020 95

LOW HIGH

6880 10320
190.00 190.00

630 630
824 3876

2880 7200
169.00 169.00

3856 8194
4183 5510

0 0
3900 12030

TOTAL EXPENSE (INPUT TO REP/PC) 37818 23512 48119
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET

4



REP/PC (Ver 4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE : 03-20-96
DATA : Inter Sep Case 05
MODEL : BASIC MODEL (SUMMATION)

. ^----^----^---=^----^----^----^----^----^---=^----I
44-1

42-I*

B
0
T
T
0
M

L
I
N
E

1 *

40-1 *.

I ** I
I *

38-1-----------***----------------------------------- I-TARGET
.1 ** I

I **** I
I ** I
I *** ^

36-I *** .
I <. * *
I ** I

** I
I ** I

34-I ** . ^
I ** I
I

I
32-I **

I ^
I *

* I1
30-1 . . • . .

I *i

28-1

26-1 . .

• • • I

*

• . I

.
x 1,000

24-I
^----I----^----^----I----I----i----^----I----I----^
05 10 20 30 40 50 60 70 80 90 99.95

, OVERRUN PROBABILITY (PERCENT)



REP/PC (Ver 4.0) - MGMT REPORT 3 GRAPHICAL PRIORITY PROFILE : 03-20-96

DATA : Inter Sep Case 05
MODEL : BASIC MODEL -(SUMMATION)

TOTAL PROB OF NET EFFECT OF
EXPENSE OVERRUN FROZEN ELEMENTS

37818 29 PCT

NUM ELEMENT UNIT

10 Repository Fee
5 Capital Treatment
7 Operations Waste Ret. & Transfer
4 Capital Waste Ret. & Transfer
1 Current Operations
8 Operations Treatment
NET EFFECT OF FROZEN ELEMENTS

0 = .0 PCT

CORRECT PROTECT

-F++++++++++++
----^+
---^+-I+

-^+
^+



REP/PC (Ver 4.0) - MGMT REPORT 4 CONTINGENCY PROFILE 03-20-96

DATA : Inter Sep Case 05
MODEL : BASIC MODEL {SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 10301 27.2 PCT

99.95 " 5713 15.1 "

95 2734 7.2 "

90 1887 5.0

85 1256 3.3 "

80 " 678 1.8

75 " 191 .5 of

70 if -125 -.3 "

65 to -490 -1.3 "

60 of -804 -2.1

55 to -1135 . -3.0

50 -1576 -4.2 It

45 to -1889 -5.0 to

40 it -2362 -6.2 to

35 it -2778 -7.3 It

30 of -3219 -8.5 of

25 it .-3857 -10.2 It

20 It -4403 -11.6 It

15 if -5223 -13.8 of

10 It -6014 -15.9 It

5 of -7419 -19.6 It

0.05 " 710733 -28.4 It

0 it -143.06 -37.8 of

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



FILENAME=C:\CASE05NF.OUT 03/20/9c

10:35:5E



REP/PC (Ver 4.0) - MGMT REPORT 1

DATA : No Sep Vitr Case 06
MODEL : BASIC MODEL {SUMMATION)

NUM ELEMENT

RANGE ESTIMATE : 03-20-96

UNIT TARGET PROB+ LOW HIGH

1 Current Operations .8325 50 6660 9990

2 R&D Waste Ret. & Transfer 190.00 190.00 190.00
3 R&D Treatment 280 280 280
4 Capital Waste Ret. & Transfer 2280 50 1824 3876
5 Capital Treatment 2610 50 2088 3915
6 Capital Closure 152.00• 152.00 152.00
7 Operations Waste Ret. & Transfer 4630 50 3704 7871
8 Operations Treatment 22742 75 4654 22743
9 M& M 0 0 0

10 Repository Fee 211460 95 12900 211461
PREVIOUS ELEMENT HAS UNUSUAL DATA HOWEVER REP/PC USED THOSE VALUES

TOTAL EXPENSE (INPUT TO REP/PC) 252669 32452 260478
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



REP/PC (Ver 4.0) - MGMT REPORT 2GRAPHICAL OVERRUN PROFILE 03-20-96
DATA : No Sep Vitr Case 06
MODEL : BASIC MODEL (SUMMATION)

^----^----^----^----^----^----^----^----^----^----^
400-1 . .

350-1 . . . .

300-1 . ^

. *̂ I

250-1******------------------------------------------- I
^ ******* ^

I **** I^ **
200-1 ***

I **

** ^
I ** ^
I * I

150-1 ** ^
I *** ^
I *
I ** I

100-1 **. I
B
o
T
T
0 50-1 . . . . . . ^
M I . *

L ^ I

N 0-1
iE I

-50-1 . . ^

I

I

-TARGET

x 1,oob
-100-1 ,

I----^----I----^--------------------I----I----^
.05 10 20 30 40 50 60 70 80 90 99.95

OVERRUN PROBABILITY (PERCENT)



REP/PC (Ver 4.0) - M

DATA
MODEL

TOTAL
EXPENSE

252669

3MT REPORT 3 GRAPHICAL PRIORITY PROFILE : 03-20-96

: No Sep Vitr Case 06
: BASIC MODEL 4SUMMATION)

PROB OF NET EFFECT OF
OVERRUN FROZEN ELEMENTS

3 PCT 0 = .0 PCT

NUM ELEMENT UNIT CORRECT PROTECT

10.Repository Fee +++++++++++++
8 Operations Treatment 1+
7 Operations Waste Ret. & Transfer ^
1 Current Operations
4 Capital Waste Ret. & Transfer ^
5 Capital Treatment ^
NET EFPECT OF FROZEN ELEMENTS

4



REP/PC (Ver 4.0) - MGMT REPORT 4 CONTINGENCY PROFILE 03-20-96

DATA : No Sep Vitr Case 06

MODEL : BASIC MODEL -(SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY

NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 7809 3.1 PCT

99.95 " 3990 1.6 if

95 It -1501 -.6 It

90 it -4789 -1.9 "

85 -8473 -3.3 "

80 -12164 -4.8

75 " -16547 -6.5

70 it -21637 -8.6 "

65 -28309 -11.2 "

60 " -33361 -13.2

55 if -42447 -16.8 "

50 -52209 -20.7 "

45 -63127 -25.0 "

40 if -74327 -29.4 "

35 it -88544 -35.0 "

30 If -102986 -40.8 "

25 " -114820 -45.4 "

20 " -129425 -51.2 "

15 '! -149380 -59.1

10 it -163222 -64.6

5 -183194 -72.5 "

0.0 5 " -212325 -84.0 "

0 if -220217 -87.2 "

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



FZLENAME=C:\CASE06NF.OUT 03/20/96

10:39:41



REP/PC (Ver 4.0) - MGMT REPORT 1 RANGE ESTIMATE : 03-20-96

DATA : No Sep Calc Case 07
MODEL : BASIC MODEL {SUMMATION)

NUM ELEMENT UNIT TARGET PROB+ LOW HIGH

1 Current operations 8325 50 6660 9990
2 R&D Waste Ret. & Transfer 190.00 190.00 190.00
3 R&D Treatment 280 280 280
4 Capital Waste Ret. & Transfer 2280 50 1$24 3876
5 Capital Treatment 2610 50 2088 3915
6 Capital Closure 152.00 152.00 152.00
7 Operations Waste Ret. & Transfer 4630 50 3704 7871
8 Operations Treatment 7548 75 3273 7549
9 M& M 0 0 0

10 Repository Fee 59800 95 7800 59801

TOTAL EXPENSE (INPUT TO REP/PC) 85815 25971 93624
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



REP/PC (Ver 4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE 03-20-96

DATA : No Sep Calc Case 07

MODEL : BASIC MODEL (SUMMATION)
^----^----^----^----^_---^----^----^----^----^---

110-1 . . . . . ^

^^ I

I
100-1

90-*
1* ^

-------------------------------------------- [-TARGET

80-1 ***
^ *** I
^ ** I

I ** I
70-1 ** . ^

I * II **
I * I
I ** I

60-1
I * I

I * I

50-1 . . . . . . . ^
B
o
T ( * ^
T
O 40-1
M I • *^

I
L I .. ^

N 30-1 . . . . . . . . *
E I 1

20-1 . . . . . . ^

10-1 . . ^
x 1,000 1----^----^----^----^----^----^----^----^----^----^

.05 10 20 30 40- 50 60 70 80 90 99.95
. OVERRUN PROBABILITY (PERCENT)



REP/PC (Ver 4.0) - MGMT REPORT 3 GRAPHICAL PRIORITY PROFILE : 03-20-96

DATA : No Sep Calc Case 07

MODEL : BASIC MODEL =(SUMMATION)

TOTAL PROB OF NET EFFECT OF

EXPENSE OVERRUN FROZEN ELEMENTS

85815 6 PCT

NUM ELEMENT UNIT

10 Repository Fee
8 operations Treatment

7 Operations Waste Ret. & Transfer

1 Current Operations
4 Capital Waste Ret. & Transfer

5 Capital Treatment
NET EFftCT OF FROZEN ELEMENTS

0 = .0 PCT

CORRECT PROTECT

+++++++++++++
1+

I ;



REP/PC (Ver 4.0) - MGMT REPORT 4 CONTINGENCY PROFILE 03-20-96

DATA : No Sep Caic Case 07

MODEL : BASIC MODEL =(SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY

NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 7809 9.1 PCT

99.95 " 4249 5.0

95 326 .4

90 -756 -.9

85 -1644 -1.9 "

^ 80 -2508 -2.9 "

75 " -3447 -4.0

70 " -5048 -5.9 "

65 -6593 -7.7 "

60 " -8327 -9.7 "

55 " -10467 -12.2 "

50 it -13198 -15.4 "

45 " -16026 -18.7 "

40 it -18841 -22.0 "

35 if -22543 -26.3 "

30 " -26095 -30.4 "

25 " -29353 -34.2

20 if -33295 -38.8 "

15 if -38344 -44.7 "

10 It -42251 -49.2

5 ° -47026 -54.8 "

0.0 5 " -55313 -64.5 "

0 -59844 -69.7 "

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



FILENAME=C:\CASE07NF.OUT 03/20/96

10:42:34



REP/PC (Ver 4.0) - MGMT REPORT 1 RANGE ESTIMATE : 03-13-96

DATA : Ext Sep Case 08

MODEL : BASIC MODEL_(SUMMATION)

NUM ELEMENT UNIT TARGET PROB+ LOW HIGH

1 Current Operations 8600 50 6880 10320

2 R&D Waste Ret. & Transfer 190.00 190.00 190.00

3 R&D Treatment 1300 1300 1300

4 Capital Waste Ret. & Transfer 2280 50 1824 3876

5 Capital Treatment 5202 30 4162 13005

6 Capital Closure 170.00 170.00 170.00

7 Operations Waste Ret. & Transfer 4820 50 3856 8194

8 Operations Treatment 5417 55 4604 5418

9 M& M 0 0 0,
10 Repository Fee 565 40 564 3400

TOTAL EXPENSE (INPUT TO REP/PC) 28544 23550 45873
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



REP/PC (Ver 4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE : 03-13-96

DATA : Ext Sep Case 08
MODEL : BASIC MODEL (SIIMMATION)

^----^----^----^----^----^----^----^----^----^----^
42-1 ^

40-* . . . . . . . . ^

38-1
i*

36-

34-1

32-1

30-(
B
0 1
T ^
T ^
O 28-1
M I

L
I ^
N 26-1
E

*

* . . . .
*
**

*
**

* . . ..
**

*
**

**

. . . **.
***

***
**

****

** .
***

***
**

***
*
*
*

-TARGET

24-1 . . . ^

22-1 . . ^
X 1,000 1----^----^----^----^----^----^----^----^----^----^

.05 10 20 30 40 50 60 70 80 90 99.95
OVERRUN PROBABILITY (PERCENT)



REP/PC (Ver 4.0) - M

DATA
MODEL

TOTAL
EXPENSE

28544

3MT REPORT 3 GRAPHICAL PRIORITY PROFILE 03-13-96

Ext Seb Case 08
BASIC MODEL_(SIIMMATION)

PROB OF NET EFFECT OF

OVERRUN FROZEN ELEMENTS

84 PCT 0' = .0 PCT

NUM ELEMENT

5 Capital Treatment
7 Operations Waste Ret. & Transfer

10 Repository Fee
1 Current Operations
4 Capital Waste Ret. & Transfer
8 Operations Treatment
NET EFFECT OF FROZEN ELEMENTS

UNIT CORRECT PROTECT

-------------1+
----^+
----^

--^++
--^+

1+

I



REP/PC (Ver 4.0) - MGMT REPORT 4 CONTINGENCY PROFILE 03-13-96

DATA : Ext Sep Case 08
MODEL : BASIC MODEL. (SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 17329 60.7 PCT

99.9 5 " 11338 39.7 "

95 7927 27.8

90 6814 23.9 "

85 6107 21.4 "

• 80 5523 19.4

75 " 4877 17.1

70 4178 14.6 "

65 3680 12.9 "

60 3235 11.3 "

55 It 2834 9.9 "

50 It 2499 8.8 It

45 It 2127 7.5 It

40 1804 6.3 "

35 It 1445 5.1 "

30 1052 3.7 "

25 706 2.5 "

20 if 366 1.3 It

15 of -106 -.4 It

10 It -555 -1.9 It

5 If -1067 -3.7 It

0.05 " -3712 -13.0

0 It -4994 -17.5 "

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



FILENAML.=C: \CASE09.OUT 03/12/9

14:38:3



REP/PC (Ver 4.0) - MGMT REPORT 1 RANGE ESTIMATE : 03-20-96

DATA : ExSitu/InSitu Combo Case 09

MODEL : BASIC MODEL -(SUMMATI ON)

NUM ELEMENT UNIT TARGET PROB+ LOW HIGH

1 Current Operations 9142 50 7114 10970
2 R&D Waste Ret. & Transfer 186.00 186.00 186.00
3 R&D Treatment 670 670 670
4 Capital Waste Ret. & Transfer 1388 50 1110 2360
5 capital Treatment 2189 40 1751 4378
6 Capital Closure 137.00 137.Od 137.00
7 Operations Waste Ret. & Transfer 3166 50 2533 5382
8 Operations Treatment 2638 65 2004 2639
9 M& M 0 0 0

10 Repository Fee 6010 95 3750 6011

TOTAL EXPENSE (INPUT TO REP/PC) 25526 19255 32733
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



REP/PC (Ver 4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE 03-20-96

DATA : ExSitu/InSitu Combo Case 09
MODEL : BASIC MODEL (SUMMATION)

I----I----I----^----I----1----I----I----^----^----I
30-* . I

I I

29-I I
^I

i* I
I I

28-I * I

I * 1
I * I

.I * I
* I

27-I ** . i
I * I
I ** I
I ** I
I ** I

26-I *** . i
I : ** I
I-------------------- ***-------------------------- I-TARGET

****
I ** I

25-I *** I
I *** I
I ** I

* I
**

24-I * (

B I *** I
O I * I
T * I
T * 1
O 23-1 . . . . . . I

M I . *1

L I
I I *
N 22-I . . . . .
E I

21-1 . . . . . . .
I I
I . *
II I

20-1 . . . . I
X 1,00*0 . I ----I----I----I----I----I----I----i----I----I----I

.05 10 20 30 40- 50 60 70 80 90 99.95
OVERRUN PROBABILITY (PERCENT)



REP/PC (Ver 4.0) - MGMT REPORT 3 GRAPHICAL PRIORITY PROFILE 03-20-96

DATA : ExSitu/InSitu Combo Case 09
MODEL : BASIC MODEL {SUMMATION)

TOTAL PROB OF NET EFFECT OF
EXPENSE OVERRUN FROZEN ELEMENTS

25526 47 PCT 0 .0 PCT

NUM ELEMENT UNIT CORRECT PpOTECT

10 Repository Fee I +++++++++++++

1 Current Operations ------I ++++++

5 Capital Treatment --------1+

7 Operations Waste Ret. & Transfer -------1++

4 Capital Waste Ret. & Transfer ---1+

8 Operat^ons Treatment ^+++
NET EFFECT OF FROZEN ELEMENTS



REP/PC (Ver 4.0) - MGMT REPORT 4 CONTINGENCY PROFILE 03-20-96

DATA : ExSitu/InSitu Combo Case 09
MODEL : BASIC MODEL {SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 7207 28.2 PCT

99.95 " 4454 17.5 "

95 " 2387 9.4 to

90 it 1865 7.3 "

85 it 1475 5.8 It

80 to 1164 4.6 "

75 to 864 3.4 It

70 It 643 2.5 "

65 It 429 1.7 It

60 it 231 .9 it

55 It 58 .2 It

50 -96 -.4 It

45 It -252 -1.0 it

40 to -444 -1.7 to

35 it -649 -2.5 Of

30 " -823 -3.2 "

25 it ,-1056 -4.1 "

20 -1420 -5.6 to

15 of -1666 -6.5 to

10 It -1921 -7.5 "

5 of -2536 -9.9 "

0.0 5 " -4837 -18.9 "

0 to -6271 -24.6 "

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



FILENAME=C:\CASE09NF.OUT 03/20/9(

10:45:3:



REP/PC (Ver 4.0) - MC11T REPORT 1 RANGE ESTIMATE : 03-12-96

DATA : Phased Impl Case 10
MODEL : BASIC MODEL _(SUMMATION)

NUM ELEMENT UNIT TARGET PROB+ LOW HIGH

1 Current Operations 8600 50 6880 10320
2 R&D Waste Ret. & Transfer 190.00 190.00 190.00
3 R&D Treatment 0 0 0
4 Capital Waste Ret. & Transfer 2280 50 1824 3876
5 Capital Treatment 4483 40 3586 8966
6 Capital Closure 211.00 211.00 211.00
7 operations Waste Ret. & Transfer 3990 50 3192 6783
8 Operations Treatment 6954 50 5215 6955
9 M&M 0 0 0

10 Repository Fee 12020 95 3900 12021

TOTAL EXPENSE ( INPUT TO REP/PC) 38728 24998 49322
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



REP/PC (Ver 4.0) - MGMT REPORT 2 GRAPHICAL OVERTZUN PROFILE 03-12-96

DATA : Phased Impl Case 10

MODEL : BASIC MODEL (SUMMATION)
(----^----(----I----^_---^----I----(----I----I----(

46-( I .

I ^

* I
I I

44-(

I I
1* I
I I

42-( * (
1 * I
I * I
I ** I

' 1 *
40-1 **. (

I ** I
** I

I-------------***--------------------------------- I-TARGET

***
38-( *** .. (

*** .I
***

I ** I
** (I

36-( **. (
** (I

I * i.
** (

I * I
34-( **

B I * (
0 ( ** I
T I * I

T I I
O 32-( * I.
M I *(

I
L I
I I *1
N 30-( . . (

E I (
I I
I I

28-( (

I *
I I
I I
I I

26-( . . (
X 1,000 (----(----(----(----(----(----(----(----(----(----(

.05 10 20 30 40 50 60 70 80 90 99.95
OVERRUN PROBABILITY (PERCENT)



REP/PC (Ver 4.0) - M

DATA
MODEL

TOTAL
EXPENSE

38728

NUM ELEMENT

3MT REPORT 3 GRAPHICAL PRIORITY PROFILE : 03-12-96

: Phased Impl Case 10
: BASIC MODEL .(SUMMATION)

PROB OF NET EFFECT OF

OVERRUN FROZEN ELEMENTS

31 PCT 0 = .0 PCT

UNIT CORRECT PROTECT

10 Repository Fee
5 Capital Treatment
7 Operations Waste Ret. & Transfer
1 Current Operations
4 Capital Waste Ret. & Transfer
8 Operations Treatment
NET EFFECT OF FROZEN ELEMENTS

+++++++++++++
--^+
--^+
-I+

1+

I



REP/PC (Ver 4.0) - MGMT REPORT 4 CONTINGENCY PROFILE

DATA : Phased Impl Case 10

MODEL : BASIC MODEL_ (SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY

NOT HAVING COST OVERRUN ABSOLUTE RELATIVF.

100 PCT 10594 27.4 PCT

99.95 " 6055 15.6

95 it 3028 7.8 "

90 " 2224 5.7 "

85 1507 3.9 "

80 " 992 2.6

75 " 461 1.2

70 45 .1

65 -244 -.6 "

60 -563 -1.4 "

55 -874 -2.3 "

50 -1238 -3.2

45 " -1672 -4.3 "

40 -2126 -5.5 "

35 -2580 -6.7 "

30 -3006 -7.8 "

25 -3665 -9.5 "

20 -4292 -11.1

15 -4912 -12.7

10 -5717 -14.8

5 -6885 -17.8 "

0.0 5 -11080 -28.6

0 -13730 -35.4 "

03-12-96

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



FILENAME=C:\JUNCOMBO.OUT 03/12/9

13:00:4-



1̂II

N

a
O

^
Z
ro 7 i^ ]

1I

1

^
-li

T '7*I HIJ E1 I I



REP /PC (Ver 4.0) 2%PORT 1 RA2:G5 'STIIM^T° : 02-12-96

DATA : ExSitu Exten. Seaa.r. Case 10

MODEL : BASIC MODEL (SU2*1ATION)

N"Syi ELE1,01U?7T UNIT TARGET PROB+ LOW HIGH

1 Current Operations 8600 50 6880 10320
2 R&D Waste Ret. & Transfer 190.00 190.00 190.00
3 R&D Treatment 0 0 0
4 Capital Waste Ret. & Transfer 2280 50 1824 3876
5 Capital Treament 4305 40 4244 8610
6 Capital Closure 211.00 211.00 211.00
7 ODerations Waste Ret. & Transfer 3990 50 3192 6783
8 operations Treatment 6877 .50 5158 6878
9 M& 31 0 0 0

10 Repository Fee 6500 95 3900 6501

TOTAL EXPENSE (INPUT TO REP/PC) 32953 . 25599 43369
(THEORETICALS)

--+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET

I



R:-:-n/PC (Ver 4.0) - MG<•S'P RE?O.RT.2 GRAP:ICAL OVERRUN PROFILE 02-12-96

DATA . ExSitu Exten. SeDa.r. Case 10
MODEL : BASIC MODEL (SU'MMATION).
--^----^=---j----^----^----(----^----i----^---=I

42-
I

. . . .

B
0
T

T
0

M

L

I
N

E

40-i

38- .

^
*

36- *. . . .

**
,^*t

*^t
34-

*^t**
w*ak*

--------------------------*k,t*t------------------
,t***

32- *t*t.

• • *,t
**

*

30-
k

28- . .

26- . . . . . . . . .

24-I . . . .

-TARGET

. . . . . .
x 11000

22 - ....

---- I ----f----^-°-^----^----^---^----^----
.05 10 20 30 40 50 60 70 80 90 99.95

OVERRUN PROBABILITY (PERCENT)



REP/PC (Ver 4.0) - :?

DATA

MODEL

TOTALT

EXPEH.C-E

32953

NL'M ELE^ENT

5 Capital Treamen
10 Repository Fee
7 operations Wast
1 Current Operati
4 Capital Waste R
8 Operations Trea

NET• EFFECT OF F.

uMl REPORT 3 GRA..PHIG3I. PRIORITY PROFILE : 02-12-96

. ExSitu Exten. Sepa.=. Case 10

: BA.SIC MODEL (SD2i4:,TION)

PRO$ OF NET EFFECT OF
OV^..t2RUN FROZEN ELEMEN'I'S

55 PCT 0 = .0 PCT

UNIT CORRECT PROTECT

. ^ ++++++++-h+++

Ret. & Transfer ------- ++

s ---- ++++
& Transxer ---- +

ent ' ++++

ZEN E7•EM H'r' S ,

r



REP/PC (Ver 4.0) - M' REPORT 4 CONTINGE;iCY PPOFII :: 02-12-96

DATA : ExSitu Exten. Seaa.r. Case 10
MODEL : BASIC 2RODT^-', .(S[TKKATT_ON)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT nAVING COST OVER..=tUN ABSOLUTE RELATIVE

100 PCT 10416 31.6 PCT

99.9 5 " 6159 18.7 "

95 to 3589 10.9 'r

90 " 2782 8.4 "

85 " 2385 7.2 "

• 80 1960 6.0 It

75 it 1599 4.9 It

70 to 1282 3.9 "

65 It 935 2.8 "

60 to 709 2.2 "

55 " 422 1.3 "

50 It 223 .7 it

45 if 2 .0 It

40 to -257 -.8 it

35 of -452 -1.4 It

30 If -682 -2.1 "

25 if -936 -2.8 "

20 of -1178 -3.6 . ^

15 of -1518 -4.6 "

10 " -1968 -6.0 "

5 if -2727 -8.3 if

0.05 " -5765 -17.5 If

0 " -7354 -22.3 "

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



FILENAM"=C:\CASE05NF.OliT

• ^^^ Pu
C/CSc=T

CT-

`.^^Y'cs 1TU

^^
^ J

03/12/9

13:13:5



REP/PC (Ver 4.0) - MGMT REPORT 1 RANGE ESTIMATE : 03-20-96

DATA : Inter Sep w/o Rep Fee Case 05
MODEL : BASIC MODEL =(SUMMATION)

NUM ELEMENT UNIT TARGET PROB+ LOW HIGH

1 Current Operations 8600 50 6880 10320
2 R&D Waste Ret. & Transfer 190.00 190.00 190.00
3 R&D Treatment 630 630 630
4 Capital Waste Ret. & Transfer 2280 50 824 3876
5 Capital Treatment 3600 40 2880 7200
6 Capital Closure 169.00 169.00 169.00
7 Operations Waste Ret. & Transfer 4820 50 3856 8194
8 Operations Treatment 5509 65 4183 5510
9 M& M 0 0 0

TOTAL EXPENSE (INPUT TO REP/PC) 25798 19612 36089
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS'THAN TARGET



REP/PC (Ver 4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE : 03-20-96

DATA : Inter Sep w/o Rep Fee Case 05

MODEL : BASIC MODEL (SUMMATION)
^----^----^----^----^_---^----^----^----^----^----^

36-1

I
I

34-1

B
0
T
T
0
M

•1 .

32-1

.I I
i* I

30-1

I ** I
^ *** ^

28-1 *** ^

I **** I
I **** I
I **** I

***
26-1 ***** ^

-------------------------------- ***-------------- I-TARGET

^ ***
^ *** ^

24-1

I
*I

22-1

L ^
I ^
N 20-1
E

. .

*

18-I . . . . .

16-^ (
x 1,00b ^----^----^----i----^----^----^----I----i----I----I

.05 10 20 30 40 50 60 70 80 90 99.95
OVERRUN PROBABILITY (PERCENT)



REP/PC (Ver 4.0) - M

DATA
MODEL

TOTAL
EXPENSE

25798

SMT REPORT 3 GRAPHICAL PRIORITY PROFILE : 03-20-96

: Inter Sep w/o Rep Fee Case 05

: BASIC MODEL {SUMMATION)

PROB OF NET EFFECT OF
OVERRUN FROZEN ELEMENTS

64 PCT 0 = .0 PCT

NUM ELEMENT UNIT

5 Capital Treatment
7 Operations Waste Ret. & Transfer
4 Capital Waste Ret. & Transfer
1 Current Operations
8 operations Treatment
NET EFFECT OF FROZEN ELEMENTS

CORRECT PROTECT

^++
+++
^++++
^+++++
^+++++



REP/PC (Ver 4.0) - MGMT REPORT 4 CONTINGENCY PROFILE : 03-20-96

DATA : Inter Sep w/o Rep Fee Case 05

MODEL : BASIC MODEL {SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 10291 39.9 PCT

99.95 " 7963 30.9 "

95 3943 15.3 "

90 " 3111 12.1 "

85 2633 10.2 "

80 2307 8.9 "

75 " 1991 7.7 It

70 it 1739 6.7 "

65 It 1466 5.7 It

60 If 1218 4.7 IT

55 It 973 3.8 "

50 690 2.7 "

45 " 431 1.7 "

40 239 .9 It

35 it -23 -.1 it

30 it -313 -1.2 "

25 it -574 -2.2 ''

20 -779 -3.0 "

15 -1115 -4.3

10 It -1391 -5.4

5 It -2023 -7.8 It

0.0 5 It -4609 -17.9

0 It -6186 -24.0

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



FILENAME=C:\CASE06.OUT 03/20/96

10:37:51



REP/PC (Ver 4.0) - MGMT REPORT 1 RANGE ESTIMATE : 03-20-96

DATA : No Sep Vitr w/o Rep Fee Case 06

MODEL : BASIC MODEL ^SUMIM.ATION)

NUM ELEMENT UNIT TARGET PROB+ LOW HIGH

1 Current Operations 8325 50 6660 9990

2 R&D Waste Ret. & Transfer 190.00 190.00 190.00

3 R&D Treatment 280 280 280

4 Capital Waste Ret. & Transfer 2280 50 1824 3876

5 Capital Treatment 2610 50 2088 3915

6 Capital Closure 152.00 152.00 152.00

7 Operations Waste Ret. & Transfer 4630 50 3704 7871

8 Operations Treatment 22742 75 4654 22743

9 M& M 0 0 0

TOTAL EXPENSE (INPUT TO REP/PC) 41209 19552 49017
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



REP/PC (Ver 4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE : 03-20-96
DATA : No Sep Vitr w/o Rep Fee Case 06
MODEL : BASIC MODEL (SUMMATION)

I----l----l---=l----l-=--l----I----1----I---=1----I
60-1 l

55-1 . . .

50-I . . . .

, l l
*

45-1

I**
l **** .
l ******* l
1------------- *******----------------------------- I-TARGET

40-( ****.
***

*** '
I **

*
35-1 ** l

** f
* lI
** fI

I * l
30-1 * l

B l * f
0 l ** l

* fT I
T * f
O 25-1 * l
M l *l*.

L
I
N 20-1
E l

l l
15-1 . . . . . . . I

l
f I

l
x i,ooo

i0-l
(----I----I----I----I----i----I----I----I----l----l

.05 10 20' 30 . 40. 50 60 70 80 90 99.95
OVERRUN PROBABILITY (PERCENT)



REP/PC (Ver 4.0) - M

DATA
MODEL

TOTAL
EXPENSE

41209

SMT REPORT 3

: No Sep Vitr
: BASIC MODEL

PROB OF
OVERRUN

30 PCT

;RAPHICAL PRIORITY PROFILE 03-20-96

w/o Rep Fee Case 06
(SUMMATION)

NET EFFECT OF
FROZEN ELEMENTS

0 = .0 PCT

NUM ELEMENT UNIT CORRECT PROTECT

8 Operations Treatment +++++++++++++
7 Operations Waste Ret. & Transfer --^
1 Current Operations -^+
4 Capital Waste Ret. & Transfer -^
5 Capital Treatment -^
NET EFFECT OF FROZEN ELEMENTS (



REP/PC (Ver'4.0) - MGMT REPORT 4 CONTINGENCY PROFILE 03-20-96

DATA : No Sep Vitr w/o Rep Fee Case 06
MODEL : BASIC MODEL=(SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY

NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 7808 19.0 PCT

99.95 " 5239 12.7

95 it 2350 5.7 "

90 " 1717 4.2 to

85 to 1181 2.9 "

80 It 758 1.8 "

75 to 434 1.1 it

70 if 11 .0 "

65 It -328 -.8 to

60 if -661 -1.6 of

55 -1173 -2.8 "

50 of -1723 -4.2 to

45 it -2528 -6.1 It

40 It -3554 -8.6 It

35 it -4767 -11.6 "

30 of =6349 -15.4 "

25 it :7709 -18.7 "

20 " -9489 -23.0 "

15 is -11441 -27.8 "

10 it -13652 -33.1 "

5 to -15649 -38.0 °

0.0 5 " -18707 -45.4

0 to -21657 -52.5 "

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



FILENAME=C:\CASE07.OtiT 03/20/96

10:41:13



REP/PC (Ver 4.0) - MGMT REPORT 1 RANGE ESTIMATE : 03-20-96

DATA : No Sep Calc w/o Rep Fee Case 07
MODEL : BASIC MODEL=(SUMMATION)

NUM ELEMENT UNIT TARGET PROB+ LOW HIGH

1 Current Operations 8325 50 6660 9990
2 R&D Waste Ret. & Transfer 190.00 190.00 190.00
3 R&D Treatment 280 280 280
4 Capital Waste Ret. & Transfer 2280 50 1824 3876
5 Capital Treatment 2610 50 2088 3915
6 Capital Closure 152.00 152.00 152.00
7 operations Waste Ret. & Transfer 4630 50 3704 7871
8 Operations Treatment 7548 75 3273 7549
9 M& M 0 0 0

TOTAL FXPENSE (INPUT TO REP/PC) 26015 18171 33823
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



REP/PC (Ver 4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE 03-20-96

DATA : No Sep Calc w/o Rep Fee Case 07

MODEL : BASIC MODEL (SUMMATION)
^----^----^----^----I----^----^----^----^----^----^

36-1 ^

34-1 .

32-1 . ^

. .

B
0
T
T
0
M

L
I
N
E

30-1

**
28-1 * .

^ *** I
I *** I

26-1 ------------------- *****------------------------- I-TARGET
**** I****

I *** I
****

24-1 . . . . . **

22-I

'
20-I

18-1

**

** ^

• * ^

*

16-^ . . . . . . ^
X 1,000 ^----^----^----^----^----^----^----^----^----^----^

.05 10 20 30 40. 50 60 70. 80 90 99.95
OVERRUN PROBABILITY (PERCENT)



REP/PC (Ver 4.0) - M

DATA
MODEL

TOTAL
EXPENSE

26015

NUM ELEMENT

3MT REPORT 3

: No Sep Calc
: BASIC MODEL

PROB OF
OVERRUN

43 PCT

;RAPHICAL PRIORITY PROFILE : 03-20-96

w/o Rep Fee Case 07
^SUMMATION)

NET EFFECT OF
FROZEN ELEMENTS

0 = .0 PCT

UNIT CORRECT PROTECT

8 operations Treatment
7 Operations Waste Ret. & Transfer
1 Current Operations
4 Capital Waste Ret. & Transfer
5 Capital Treatment

NET EFFECT OF FROZEN ELEMENTS

+++++++++++++
-------^++

---^+++
---^+
---^+



REP/PC (Ver 4.0) - MGMT REPORT 4 CONTINGENCY PROFILE 03-20-96

DATA : No Sep Calc w/o Rep Fee Case 07

MODEL : BASIC MODEL (SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 7808 30.0 PCT

99.95 " 5486 21.1 "

95 2693 10.4 11

90 1989 7.7 "

85 to 1557 6.0 "

80 It 1194 4.6 It

75 to 905 3.5

70 It 630 2.4

65 to 425 1.6 to

60 to 155 .6 to

55 to -69 -.3 It

50 IT -288 -1.1 it

45 It -511 -2.0 It

40 It -711 -2.7 It

35 It -1004 -3.9 It

30 of -1349 -5.2 It

25 to 71607 -6.2 It

20 of -1940 -7.5 "

15 to -2366 -9.1 to

10 is -3105 -11.9 "

5 it -3858 -14.8 "

0.05 " -5774 -22.2 "

0 to -7844 -30.1 It

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



FILENAME=C:\CASE09.OUT 03/20/9,

11:20:1:



REP/PC (Ver 4.0) - MGMT REPORT 1 RANGE ESTIMATE

DATA : Ext Sep w/o Rep Fee Case 08

MODEL : BASIC MODEL.(SUMMATION)

NUM ELEMENT UNIT TARGET PROB+ LOW

03-12-96

HIGH

1 Current Operations 8600 50 6880 10320

2 R&D Waste Ret. & Transfer 190.00 190.00 190.00

3 R&D Treatment 1300 1300 1300

4 Capital Waste Ret. & Transfer 2280 50 1824 3876

5 Capital Treament 5202 30 4162 13005

6 Capital Closure 170.00 170.00 170.00
7 Operations Waste Ret. & Transfer 4820 50 3856 8194
8 Operations Treatment 5417 55 4604 5418
9 M& M 0 0 0

TOTAL EXPENSE (INPUT TO REP/PC) 27979 22986 42473
• (THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



REP/PC (Ver 4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE : 03-12-96

DATA : Ext Sep w/o Rep Fee Case 08
MODEL : BASIC MODEL (SUMMATION)

^----^----^----^----^----^----^----^----^----^----^
42-1 ^

B
0
T
T
0
M

L
I
N
E

40-* . . .

38-I . . . .

i •

36-1 *

^ * (

34-1

I

I **
32-1 ** .

I ** ^
** I .

30-1
^ *** ^
^ *** ^
^ *** ^
^ *** ^

28-1

26-I

24-1

22-1
X 1,0.00 1 ----I ----I

.05 10 20

-------------------------***---------- I-TARGET
**** (

** ^
** ^

. . *^

*

. . . . .
.

--^----^----^----^----^----^----^----^
30 40 50 60 70 80 90 99.95

OVERRUN PROBABILITY (PERCENT)



REP/PC (Ver 4.0) - MC-_'iT REPORT 3 GRAPHICAL PRIORITY PROFILE. : 03-12-96

DATA : Ext Sep w/o Rep Fee Case 08
MODEL : BASIC MODEL_(SUMMATION)

TOTAL PROB OF NET EFFECT OF
EXPENSE OVERRUN FROZEN ELEMENTS

27979 77 PCT 0= .0 PCT

NUM ELEMENT UNIT CORRECT PROTECT

5 Capital Treament -------------1+
7 Operations Waste Ret. & Transfer ----1+

1 Current Operations --^++

4 Capital Waste Ret. & Transfer --^+

8 Operations Treatment 1+
NET EFFECT OF FROZEN ELEMENTS ^



REP/PC (Ver 4.0) - MGMT REPORT 4 CONTINGENCY PROFILE

DATA : Ext Sep w/o Rep Fee Case 08
MODEL : BASI.C MODEL. (SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 14494 51.8 PCT

99.9 5 It 12109 43.3 "

95 It 7497 26.8 "

90 6282 22.5 "

85 5365 19.2

• 80 4615 16.5 "

75 3930 14.1

70 3464 12.4 "

65 to 3018 10.8 "

60 to 2545 9.1

55 it 2144 7.7 "

50 it 1739 6.2 It

45 of 1391 5.0 to

40 if 1061 3.8 to

35 to 755 2.7 to

30 It 477 1.7 It

25 It 146 .5 It

20 It -185 -.7 It

15 to -497 -1.8 It

10 It -814 -2.9 "

5 It -1399 -5.0 It

0.05 It -3851 -13.8 It

0 it -4993 -17.8 "

03-12-96

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



FILENaNIE=C:\CASE09NP.OUT 03/12/9

13:41:0



REP/PC (Ver 4.0) - MGMT REPORT 1 RANGE ESTIMATE : 03-20-96

DATA : ExSitu/InSituCombo w/o RF Case09

MODEL : BASIC MODEL=(SUMMATION)

NUM ELEMENT UNIT TARGET PROB+ LOW HIGH

1 Current Operations 9142 50 7114 10970
2 R&D Waste Ret. & Transfer 186.00 186.00 186.00
3 R&D Treatment 670 670 670
4 Capital Waste Ret. & Transfer 1388 50 1110 2360
5 Capital Treatment 2189 40 1751 4378
6 Capital Closure 137.00 137.00 137.00
7 operations Waste Ret. & Transfer 3166 50 2533 5382
8 operations Treatment 2638 65 2004 2639
9 M& M 0 0 0

TOTAL EXPENSE (INPUT TO REP/PC) 19516 15505 26722
(THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



REP/PC (Ver 4.0) - MGMT REPORT 2 GRAPHICAL OVERRUN PROFILE : 03-20-96

DATA : ExSitu/InSituCombo w/o RF Case09
MODEL : BASIC MODEL (SUMMATION)

^----^----^---=^----^ ---^----^----^----^----^----^
26-1 . . . . . ^

25-1 . . . ^

24-1 . . . . . . . .

.

23-1*

22-1 *. ^

21-1 ** .
^ *** ^

^ ***
^ ***

20-1 ***
B I ***
O 1 ------------------------------ ***---------------- I-TARGET
T I ***
T I ** ^
0 19-1 *** .

M I **
*

L I
I ^ * I
N 18-1

E I

I
I ^

17-1 • . . . . . . . . I

x 1,00'0 ^----^----^----^--°^----^----^----^----^----^----^
.05 10 20 30 40 50 60 70 80 90 99.95

OVERRUN PROBABILITY (PERCENT)



REP/PC (Ver 4.0) - M

DATA
MODEL

TOTAL
EXPENSE

19516

3MT REPORT 3 GRAPHICAL PRIORITY PROFILE 03-20-96

: ExSitu/InSituCombo w/o RF Case09
: BASIC MODEL=(SUMMATION)

PROB OF NET EFFECT OF
OVERRUN FROZEN ELEMENTS

66 PCT 0 = .0 PCT

NUM ELEMENT

1 Current operations
5 Capital Treatment
7 Operations Waste Ret. & Transfer
4 Capital Waste Ret. & Transfer
8 Operations Treatment
NET EFFECT OF FROZEN ELEMENTS

UNIT CORRECT PROTECT

-------------1++
-----------^+++

-----1+
^++++



REP/PC (Ver 4.0) - MGMT REPORT 4 CONTINGENCY PROFILE 03-20-96

DATA : ExSitu/InSituCombo w/o RF Case09
MODEL : BASIC MODEL=(SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 7206 36.9 PCT

99.9 5 It 5794 29.7 "

95 " 2891 14.8 "

90 to 2316 11.9 "

85 it 2023 10.4 It

80 to 1750 9.0 "

75 " 1491 7.6 to

70 to 1253 6.4 "

65 It 1085 5.6 It

60 " 907 4.7 It

55 it 718 3.7 It

50 to 542 2.8 "

45 It 367 1.9 "

40 to 211 1.1 it

35 it 38 .2 "

30 " . -137 -.7 to

25 it -323 -1.7 to

20 to -488 -2.5 I t

15 It -726 -3.7 "

10 to -1025 -5.2

5 It -1560 -8.0 "

0.05 " -3250 -16.6 "

0 to -4011 -20.5 "

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)



REP/PC (Ver 4.0) - MGMT REPORT 1 RANGE ESTIMATE : 03-12-96

DATA : Phased Impl w/o Rep Fee Case10

MODEL : BASIC MODEL(SUMMATION)

NUM ELEMENT UNIT TARGET PROB+ LOW HIGH

1 Current Operations 8600 50 6880 10320

2 R&D Waste Ret. & Transfer 190.00 190.00 190.00

3 R&D Treatment 0 0 0

4 Capital Waste Ret. & Transfer 2280 50 1824 3876

5 Capital Treatment 4483 40 3586 8966

6 Capital Closure 211.00 211.00 211.00

7 Operations Waste Ret. & Transfer 3990 50 3192 6783
8 Operations Treatment 6954 50 5215 6955
9 M&M 0 0 0

TOTAL EXPENSE (INPUT TO REP/PC) 26708 21098 37301
• (THEORETICALS)

+ PROBABILITY THAT ACTUAL VALUE WILL BE EQUAL TO OR LESS THAN TARGET



REP/PC ( Ver 4.0) - MGMT REPORT 2 GRAPHICAL OVE-PRUN PROFILE

DATA : Phased Impl w/o Rep Fee CaselO

MODEL : BASIC MODEL ( SIIMMATION)

I----I----^----I----1=---^----^----I----^----I----

38-1 . . . .

36-I . . .

*

34-1

B
0
T
T
0
M

L
I
N
E

32-1

I*
I *
I **

30-I

28-I

26-I.

24-I .

***

03-12-96

***

***
**** .

*** . I
****

***** I .
------------------------- ****-------------- I-TARGET

***
. . . **** . I

***
**
*1
*1

. . . . . . . . . '

*

22-1 . . . .

20-I . . . .

I I
I I

18-I . . . . . . I
X 1,000 I----I----I----I----I----I----I----I----I----I----I

.05 10 20 '30 40 50 60 70. 80 90 99.95
OVERRUN PROBABILITY (PERCENT)



REP/PC.(Ver 4.0) - M

DATA
MODEL

TOTAL
EXPENSE

26708

SMT REPORT 3

: Phased Impl
: BASIC MODEL

PROB OF
OVERRUN

69 PCT

3BAPHICAL PRIORITY PROFILE : 03-12-9E

w%o Rep Fee Case10
_(SUMMATION)

NET EFFECT OF
FROZEN ELEMENTS

0 = .0 PCT

NIIM ELEMENT

5 Capital Treatment
7 Operations Waste Ret. & Transfer
1 Current Operations
4 Capital Waste Ret. & Transfer
8 Operations Treatment
NET EFFECT OF FROZEN ELEMENTS

UNIT CORRECT PROTECT

- -------------1++
-------1++

----^++++
----1+

^++++



REP/PC (Ver 4.0) - MGMT REPORT 4 CONTINGENCY PROFILE 03-12-96

DATA : Phased Impl w/o Rep Fee Case10
MODEL : BASIC MODEL (SUMMATION)

TO BE THIS CONFIDENT OF ADD THIS CONTINGENCY
NOT HAVING COST OVERRUN ABSOLUTE RELATIVE

100 PCT 10593 39.7 PCT

99.95 " 8381 31.4 "

95 it 4401 16.5 "

90 3515 13.2 "

85 " 3043 11.4

80 2637 9.9 "

75 2279 8.5 "

70 It 1945 7.3 "

65 1676 6.3 It

60 It 1401 5.3 If

55 " 1088 4.1

50 847 3.2 "

45 "' 629 2.4 "

40 it 413 1.6

35 It 187 .7 It

30 If -40 -.1 "

25 It -379 -1.4 It

20 It -610 -2.3 It

15 -850 -3.2 "

10 it -1246 -4.7 It

5 " -1708 -6.4

0.05 " -4019 -15.0 "

0 It -5610 -21.0 "

(ABOVE RESULTS DERIVED FROM 1000 SIMULATIONS)
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